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In the alluring search for primitive monocotyledons which shall 
throw light on the vexed question of the origin of the group, the Helo- 
biae have received much attention, including as they do such a wide 
range of forms, reaching from great simplicity to considerable com- 
plexity. It is generally agreed that those monocotyledons which 
possess a stocky rhizome or bulb have reached a degree of specializa- 
tion which renders them less favorable for a study of primitive feat- 
ures than are the forms which have a more elongated axis showing 
distinct nodes and internodes. The Potamogetonaceae are prevail- 
ingly of the latter class, and the genus Potamogeton has been con- 
sidered by SCHENCK (2'7) and others to represent a number of stages 
in the evolution of aquatic monocotyledons from ancestors which 
inhabited marshy ground. It has been more than once suggested 
that the monocotyledons have been derived from dicotyledonous ances- 
tors through adaptation to an amphibious mode of life, so that the 
genus Potamogeton deserves study from all standpoints. A quite 
different view of the origin of monocotyledons has been proposed by 
CAMPBELL (3), who seeks to link the group with heterosporous Fili- 
cineae, especially Isoetaceae, through such forms as Naias. 

It is proposed in the present paper to discuss certain features of 
the structure of Potamogeton which have apparently been overlooked, 
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but which seem to be significant from the standpoint of phylogeny; 
also to bring together the salient points concerning the structure of 
the other genera of the family, so that if possible their relationships 
may be worked out. A few genera belonging to allied families have 
been included in the account. 

I wish here to record my obligations to the following, who have 
very kindly supplied me with material: Professors G. F. ATKINSON 
and W. W. Row ee and Mr. H. H. Smiru, of Cornell University, 
Mr. H. H. Barttett of the Gray Herbarium, Mr. J. G. Hatt of the 
North Carolina Experiment Station, Mr. A. JErrrey of Toronto, Dr. 
R. G. Leavitt and Mr. A. A. Eaton of the Ames Botanical Labora- 
tory, Mr. C. P. Suir of Carmel Bay, Cal., and especially to Professor 
M. L. FERNALD of the Gray Herbarium, who has been kind enough 
to determine most of the species employed in the research. 





Potamogetonaceae 


In this family the following genera have been accessible for study 
from preserved material: Potamogeton (thirteen species), Ruppia, 
Zostera, Phyllospadix, Cymodocea, Zannichellia. Celloidin was 
found to be the most favorable imbedding material for all except the 
smallest forms, for which paraffin was used. Serial sections through 
the nodes and other critical regions were in all cases studied. 


POTAMOGETON 





THE LEAFY SHOOT.—The mode of origin of this member has been 
carefully worked out by IrmiscH (12), who distinguishes between 
main shoots and reserve shoots. The internal structure of the upper 
internodes of such shoots varies somewhat widely in the different 
species, and upon the basis of the characteristics as revealed by a 
cross-section, together with the leaf structure, RAUNKIAER (21) has 
proposed a classification of the species and devised a convenient key. 
The differences between the species consist in the presence or absence 
of cortical bundles, and in the degree of union of the strands which 
compose the vascular part of the central cylinder. Fig. 11 shows at 
low magnification the structures occurring slightly above one of the 
upper nodes of the leafy shoots. At the upper side of the figure is the 
section of the petiole with its median and lateral traces. Below this 
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are the two fused stipules, sheathing the stem; their main bundles are 
barely visible at this magnification, but are situated at the angular 
swellings. Between the stipules and the stem is an axillary bud. The 
stem shows the lacunar cortex characteristic of aquatics, and a well- 
developed central cylinder. Fig. 13 shows certain of these features 
more clearly, and also makes visible the numerous cortical strands 
which lie in the angles of the meshes. 

Since the course of the leaf traces furnishes a key to the structure 
of the internodal stele, it is proposed to describe the course of the 
bundles in a well-developed species, P. natans. Stated briefly, the 
seven or more leaf traces shown in fig. rz fuse to form three, which 
enter the central cylinder, pass down through one internode sepa- 
rately at the periphery of the central cylinder (see DEBARY 7, p. 270.), 
then approach one another, pass down through a second internode in 
the form of what may be styled a “‘trio” of bundles, and at the third 
node become indistinguishable on account of union with the bundles 
of the central cylinder. Since the leaves are arranged alternately in 
two vertical rows, there are two groups of leaf trace bundles in the 
cross-section of any internode. This is illustrated in fig. 14, which 
will be rendered clear by the following diagram (fig. 1), in which 
t,, T,,¢, represent the traces of the next 
higher leaf, ¢,, T,, ¢, those of the second 
higher leaf, while the remaining bundles are 
those which are styled by DEBAry cauline, 
since they do not lead directly to any leaf. 
Although the petiole contains seven or more 
bundles, as shown in fig. rz, they enter the 
central cylinder as three, since the lateral 
bundles on each side fuse with one another. On each side this fusion 
bundle is joined also by the median bundle of the stipule of that side. 
An anastomosing branch may be sent to the median leaf trace. The 
bundles at the base of the petiole, like those of the internode, are 
devoid of xylem, but a lacuna represents the absent vessels, and shows 
that the bundle is collateral. As the bundle enters the cortex of the 
stem, ringed vessels or tracheids make their appearance, and the 
bundle becomes somewhat swollen and almost amphivasal, owing to 
increase in the number of tracheids which come more and more nearly 
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to surround the phloem, thus recalling the condition found by the 
writer in grasses (6), where, however, the appearance is more pro- 
nounced. With the three foliar traces groups of mechanical fibers 
enter the central cylinder. After anastomosing with other bundles 
present at the node, the three lose their xylem and proceed downward 
at the periphery of the stele, occupying the middle region of three 
contiguous sides of the roughly oblong section of the stele (fig. 14). 
At the next node they enlarge, move toward the center of the stele, 
and the xylem again appears, first at the inner side of each bundle, 
filling the cavity, thence spreading around the phloem, so far as to 
render the bundle almost or quite amphivasal (fig. 15); the two 
lateral ones anastomose with other bundles, then the three approach, 
including between them an island of parenchyma which is surrounded 
by the xylem of the bundles. The xylem again disappears, as does 
also the island of parenchyma, which is replaced by a cavity which 
persists through the succeeding internode. Thus the “trio” is formed 
and descends to the next node, where tracheids appear once more, 
first around the cavity, and thence spreading around the bundles 
until the two lateral ores become amphivasal. At the same time the 
three bundles enlarge, the two lateral ones fuse, then separate, and all 
three join other bundles of the nodal complex, such as those of the 
axillary branch which enters at this level. Both the petiole and the 
fused stipules contain many small bundles consisting of fibers or of 
thin-walled cells or of both. These bundles descend into the cortex 
of the stem, some of them fusing with similar bundles of that region 
derived from petioles and stipules of higher leaves. -In this way 
apparently arise the very numerous cortical strands characteristic of 
this species, and it may be stated in general that those species which 
possess a cortical system derive it from the petioles and stipules. 
Two points inthe foregoing account seem worthy of emphasis, 
namely, the presence of amphivasal bundles wherever the leaf trace 
bundles are about to fuse with other bundles, and the very different 
course pursued by the leaf traces from that which is seen in most 
monocotyledons. 

Concerning the insertion of branches it should be noted that the 
phloem of the bundles shows a remarkable enlargement just before 
joining]the stele of the main stem, as is shown in fig. 12. The elements 
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of the phloem at this point are narrow cells with very thin walls, quite 
unlike the well-marked sieve tubes which are seen in other parts of 
the stem. Such bundles are frequently seen to be amphivasal just 
before they are inserted on bundles of the main stele. Species with an 
axial cylinder like P. natans are: P. perjoliatus, P. Nuttallii, P. 
praelongus, etc. 

P. natans has been chosen for the foregoing description, not because 
it presents the most primitive structure of any of the species, but 
because the vascular tissues are well developed, probably on account of 
the transpiration from the numerous and large floating leaves. What 
seems to be a more primitive disposition of the vascular bundles of 
the central cylinder is seen in P. pulcher (fig. 19), also a form with 
some floating leaves, but with broad submerged leaves instead of the 
phyllodes of P. natans. The course of the leaf trace bundles in P. 
pulcher resembles that already described, with the noticeable differ- 

‘ence that the three bundles do not unite to form a “trio,” but merely 
approach one another in the medulla of the second internode after the 
insertion of the leaf, giving the appearance shown in cross-section 
(fig. 20). A diagram (fig. 2) will make clear the topography of the 
central cylinder: as before, ¢,, T,, ¢, repre- 
sent the traces of the next higher leaf; #,, 
T,, t, those of the second higher leaf; while 
the remaining bundles are cauline. As in 
the former species, amphivasal bundles 
occur at the nodes when two bundles are 
about to fuse. In spite of the liberal size 
of the leaves, and the fact that some of 
them float, no cortical bundles are present in the stem (jig. 19). 
Numerous small bundles are present in the stipules, but they turn 
abruptly inward and enter the central cylinder, while the median 
bundle of each stipule as usual joins the lateral leaf trace. 

The two species already considered represent two types of central 
cylinder found in the genus. They are evidently closely related, and 
the natans type may evidently be regarded as derived from the pulcher 

type by the partial fusion of the three leaf traces during their descent 

through the central cylinder. At least two other types may be dis- 
tinguished, in one of which the bundles of the central cylinder have 
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further fused so as to form three more or less clearly separated areas, 

as is shown in the photograph of P. crispus (fig. 28) and in fig. 3. 

T,,t,, T,, t, of the preceding diagrams have united to form the central 

area, while the remaining bundles form the lateral regions. TJ, may 

be distinguished from 7, by the double 

\ lacuna of the central area. As usual, three 

\, (or sometimes five) leaf trace bundles enter 

(| the central cylinder, the large median one 

joining the central area, .and the laterals, 

Fic. 3 each composed as usual of bundles from the 

petiole and one from the stipule of that side, 

join the lateral areas of the central cylinder. DEBAry (7, p. 274) 

gives a singularly misleading description and inaccurate diagrams 

of this species, owing probably to the crudity of his methods of 

investigation. SCHENCK (28, p. 41) has given a correct interpretation 

of the appearances presented by a cross-section, and I have con- 

firmed his statements by series of sections through the nodes. P. 

crispus is no more an “anomalous monocotyledon” (DEBAry) than 

are the other species of Potamogeton, since, as shown above, its vas- 
cular system can be easily derived from that of P. pulcher. 

A further reduction or fusion of the vascular elements is shown in 
the species of which P. pectinatus (fig. 18) may be taken as the type. 
In the internodes the xylem is represented only by a central cavity 
surrounded by parenchyma and phloem, but at the nodes a division 
of the stele into three areas is more or less plain. The last fact sug- 
gests that the condition found in this species has been derived from 
that seen in P. crispus, since ancestral characters are apt to persist at 
the nodes. 

The behavior of the small bundles derived from the petiole and 
stipules shows great variation in the different species. (1) They 
may descend into the cortex of the succeeding internode, constituting 
the usually numerous cortical bundles of a number of species, e. g., P. 
natans, eventually joining others of the same kind, or finding their 
way into the central cylinder at a lower node. (2) They may descend 
a short distance into the cortex, then disappear, while a short distance 
below the node other strands make their appearance in the cortex, 
to disappear before the next node is reached, e. g., P. Robbinsii. 
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(3) They may (with the exception of the central bundle of each stipule, 
which joins a lateral leaf trace) disappear soon after entering the 
cortex, leaving the stem without cortical bundles, e. g., P. cris pus. 
(4) They may enter the central cylinder immediately, like the leaf 
traces, leaving the stem devoid of cortical bundles, e. g., P. pulcher. 
To this should be added the peculiar case of P. Nuitallii (fig. 5), in 
the upper leaves of which the median bundle of each stipule fuses with 
the neighboring lateral leaf trace bundle, and from the fusion is given 
off a strand which descends into the cortex. The cortical bundles of 
this species are not numerous (six to eight), and form a complex 
anastomosis with the central cylinder at the level of the lower part of 
the node. In general it may be stated that when a species possesses 
cortical bundles they are derived from the small bundles of the petiole 
and stipules. This view is confirmed by the fact that such bundles 
are universally present in the petioles and stipules, even when they are 
absent from the stem. As to composition, the cortical bundles range 
from complete collateral bundles to mere groups of a few fibers, and 
moreover the character of a bundle may change greatly in its course, 
being composed mostly or altogether of phloem at one level and only 
of fibers at a slightly different level. SCHENCK (28, pp. 48, 54) is of 
the opinion, and my observations confirm his view, that all these 
strands represent real fibrovascular bundles, which share in the 
reduction shown by the vascular tissues of the central cylinder. 

The extent to which mechanical tissue is present is, according to 
SCHWENDENER (30), dependent on whether the plant grows in still or 
in running water. But different species occupying a similar habitat 
may differ widely in respect to the presence of mechanical tissues; 
for example, P. natans is abundantly provided with cortical strands, 
while P. pulcher entirely lacks them, yet both are inhabitants of ponds, 
and both possess floating leaves. Judging from over forty species for 
which data are available, there is no relation between the presence of 
cortical bundles and a totally submersed or a partly floating habit. 
Neither can a relation be established between size of leaf or stem and 
presence or absence of cortical bundles. That these strands are not 
primitive structures, but have arisen in connection with the mechanical 
necessities of the leaves and stipules is indicated by three facts. (1) 
In the creeping stem, which has rudimentary sheathing leaves devoid 
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of stipules, the small cortical strands are few and wanting, even in 
species which possess them abundantly in the leafy shoot. (2) As 
will be pointed out later, in P. natans, P. Nuttallii, etc., the cortical 
strands spread upward into the peduncle, but fuse with the strands 
of the vascular ring (see below) or fade away soon after reaching 
the fertile part of the axis. (3) As stated above, small bundles are of 
constant occurrence in the petioles and stipules, even if the stem is 
free from them. 

THE CREEPING STEM.—According to IRMIscH (12), this does not 
represent the main stem, but certain lateral members of the extensively 
branched system. The structure differs in several noteworthy respects 
from that of the leafy stem. The central cylinder is flattened in 
accordance with the dorsiventral nature of the stem, as is seen in the 
photograph of P. pulcher (jig. 21), and presents a truly dicotyledonous 
looking ring of collateral bundles (fig. 22), though the appearance is 
somewhat masked by the large size of a dorsal and a ventral bundle. 
These two bundles may meet in the center of the stele in case the stem 
is much flattened. All of these are cauline strands, whose disposition 
is practically unaffected by the entrance of the insignificant leaf traces 
from the thin deciduous scale leaves. Hence there is no “trio” of 
bundles, and the disturbing elements are branches, not leaves. Con- 
sidering a node lacking a branch, the large dorsal and ventral bundles 
are seen in a series of sections to pass through the node sometimes 
without anastomosis with other bundles; they swerve slightly toward 
the middle of the stele, while the lateral bundles partly close the gaps 
thus left in the vascular ring, and give off roots on all sides of the stele. 
In case a branch is present at a node, the dorsal and ventral bundles 
not merely approach the center of the stele but become much enlarged 
owing to excessive development of phloem (fig. 17), and fuse to form 
a large amphivasal strand which then breaks up into several amphi- 
vasal bundles. These anastomose with peripheral bundles of the 
stele and with the bundles of the branch which enter at this point. 
The bundles at the base of the branch likewise show a greatly swollen 
phloem, which is a conspicuous feature in the figure. It will be 
recalled that owing to the distichous arrangement of the leaves, the 
ascending stem shows two bundles on opposite sides of the central 
cylinder, which bundles are the median traces of the two next higher 
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leaves. In the creeping stem, however, the two opposite bundles are 
seen from the foregoing to be connected with the origin of branches. 
As in the leafy shoot, vessels are present only at the nodes, and are 
represented by a cavity elsewhere. The endodermis is plain, of 
U-form, and suberised. Fig. 16, representing the creeping stem of P. 
natans, which should be compared with fig. 13, shows another point 
of difference between the creeping and the leafy stem. While cortical 
bundles are abundant in the latter, they are much scarcer or absent 
in the former, owing apparently to poor development of leaves and the 
absence of stipules. In case cortical bundles are absent in the leafy 
shoot, they are lacking also in the creeping stem, as may be seen from 
the figures of P. pulcher. In accordance with the sheathing char- 
acter of the reduced leaves, the leaf traces enter the central cylinder 
separately, as may be well seen in P. perjoliatus or P. heterophyllus, 
which have better developed basal leaves than has P. pulcher. 

THE FLORAL AXIS.—SCHENCK (28) and others have not failed to 
notice that the peduncle has a different disposition of bundles from 
that in the leafy shoot, but the earlier observers have apparently over- 
looked the regularity in the arrangement of the bundles. Fig. 23 
shows the appearance of a section through the fertile part of the floral 
axis of P. natans. The arrangement is evidently circular, and the 
bundles are collateral. Branches leading to the flowers do not have a 
gap above their point of exit, but spring from one bundle or from two 
adjoining bundles. Well-developed tracheary tissue is present in 
all of the bundles, in marked contrast to the condition seen in an inter- 
node of the vegetative axis. Fig. 24 represents an appearance which 
occasionally occurs; here the bundles constitute a nearly closed 
vascular tube. The circular arrangement of bundles occurs in every 
species which I have examined, even in such slender forms as P. 
hybridus, the peduncle of which shows four separate strands, each 
surrounded by an endodermis (fig. 26). The basal part of the axis 
shows the same arrangement as that represented in the figures, but 
the strands are apt to be more widely separated. Cortical strands 
are also present in the peduncle of species such as natans, which show 
many such strands in the leafy stem (fig. 25); they either join bundles 
of the circle or dwindle away shortly after reaching the fertile part 
of the axis. A ring of collateral bundles in the floral axis of Eleo- 
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charis is figured by PLOWMAN (19), and is stated by him to be char- 
acteristic of the Cyperaceae. A similar condition is found in Tri- 
glochin (see below). The resemblance of these axes to the stems of 
dicotyledons can hardly fail to be noticed, and I am inclined to attach 
phylogenetic importance to the feature, rather than explain it on 
physiological grounds, as is suggested by SCHENCK (28). The per- 
sistence of ancestral features in the reproductive axis has been pointed 
out by Sotms-LAUBACH (31) and by Scorr (29), and the status of 
this as a general principle has of late received strong confirmation, 
especially from the work of JEFFREY, who in his memoir on the 
Abietineae (14) sums up the evidence in favor of the principle. In 
Potamogeton we seem to have another case in point, for the peduncle 
shows the primitive dicotyledonous arrangement of bundles, which 
moreover are collateral throughout their course. 

GENERAL.—The affinities of the genus Potamogeton may best be 
discussed later, but we may here consider the relations of the species. 
The main question at issue is as to whether the species with large 
floating leaves or those with small submersed leaves are primitive, or 
whether, as RAUNKIAER (21) believes, the species with large submersed 
leaves are to be so regarded. One criterion for the decision of the 
question is the structure of the central cylinder in the various species. 
In his admirable memoir on submersed plants SCHENCK (28) has 
described and figured the central cylinder of a series of species, starting 
with P. perjoliatus, in which the bundles of the internodal stele are 
separate, and ending with P. pectinatus, in which the stele consists of 
thin-walled cells surrounding a central cavity, and he concludes that 
the series represents a process of fusion and reduction of the vascular 
tissues. In another work (2'7) the same author expresses the view that 
the pondweeds have sprung from terrestrial plants which passed 
through the amphibious, then the swimming, and finally the sub- 
mersed stage: ‘‘P. natans wiirde nach dieser Ansicht die ursprung- 
lichste Form unter den heutigen Arten noch vorstellen.”” With the 
general principle of reduction here stated the present writer is in 
accord, but it seems to him that the place of honor should be awarded 
to some such species as P. pulcher for the following reasons: (1) P. 
natans has some of its submersed leaves specialized as phyllodes, 
while in P. pulcher the submersed leaves are broad and differ from 
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the floating ones mainly in their thinness; (2) It is probable that the 
separate bundles in the central cylinder of P. pulcher represent a more 
primitive condition than the “trio” of P. natans. There seems to be 
every reason to believe that the small-leaved submersed forms with a 
stem showing a concentric stele are to be regarded as simplified by 
reduction. Further, the group of species with stipules adnate to the 
petiole represented by P. filiformis, P. pectinatus, and P. Robbinsii 
are probably quite specialized forms, since they are connected with 
such forms as P. natans by a small group including P. spirillus and P. 
hybridus, in which the stipules are slightly adnate and the spikes are 
of two kinds, the emersed ones cylindrical, and the submersed ones 
capitate, consisting of four to six flowers. It should also. be noted 
that P. Robbinsii, etc., have their flowers in an interrupted spike. 


RUPPIA MARITIMA 


This monotypic form has been uniformly placed in the same 
family as Potamogeton on account of its emersed inflorescence, per- 
fect flowers, and alternate leaves.. The complex arrangement of 
branches characteristic of Potamogeton is here represented by a creep- 
ing axis giving off roots and leafy shoots, as described by IrMiscH 
(12). The structure of the stem is comparatively simple: inside a 
lacunar cortex is a central cylinder of the type of P. pectinatus, viz., 
with a central cavity surrounded by small thin-walled cells. Trache- 
ids are present at the nodes. Each leaf possesses a central bundle 
and two very slender lateral ones. The central bundle enters the 
central cylinder directly, as in Potamogeton; while the lateral bundles 
descend into the cortex of the stem for a greater or less distance, 
though they do not reach the next lower node, but dwindle away and 
disappear, as is illustrated in the diagram, fig. 9. This condition has 
in all probability been derived by reduction from that in which the 
cortical bundles joined the central cylinder at the next node below the 
insertion of the leaf to which they belong, for it is unreasonable to 
suppose that the leaf traces should originally have had no connection 
with the main conducting channels of the stem. Thus the cortical 
bundles of Ruppia belong to VAN TIEGHEM’s second group (32, p. 
751). The course of these bundles, and the occurrence of xylem at 
the nodes, as well as the filiform leaves and submergence of all parts 
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of the plants except the flowers, leads to the view that Ruppia is an 
example of simplicity by reduction. 


POSIDONIA 


Macnus has given a short account of the stem structure of P. 
oceanica (17). According to his description, the conducting tissue 
of the central cylinder is flanked by a mass of mechanical fibers, and 
the cortex contains numerous small bundles of fibers and also a few 
conducting bundles. No account is given of the course of the leaf 
traces, and material has not been obtainable so far for the present 
research. 


ZOSTERA 


The widely distributed species Z. marina has been the subject of 
frequent study. EICHLER (10) described the sympodium of floral 
axes, and SAUVAGEAU (23) has given the best account of the vegetative 
structures of the five species, referring to the older literature on the 
subject. The creeping stem is monopodial, and bears the long ribbon- 
shaped alternate leaves, while the ascending branches are sympodes 
bearing the flattened.spadices. In all these regions the main struc- 
tural features are the same, namely, a wide, somewhat lacunar cortex 
containing two vascular strands and inclosing a narrow central 
cylinder. The structure of the last, however, differs considerably in 
the various regions of the plant. Fig. 29, from the lower part of the 
ascending shoot, shows the simplest condition, with a central lacuna 
and four masses of phloem, therefore representing four fused bundles. 
This condition is present also in the apical parts of the creeping stem, 
and arises from the distichous arrangement of the leaves. The older 
parts of the creeping stem show four additional bundles in the stele, 
alternating with the first-formed bundles. Xylem fills the lacuna at 
the nodal regions, but is nowhere well developed. From the sheath- 
ing base of a leaf a median bundle enters the central cylinder directly; 
while on each side two or more lateral traces fuse and join the cortical 
bundle on its side, which at the same level sends a branch to the central 
cylinder, as shown in the diagram, fig. 6. From the leaf also enter 
a large number of small bundles of fibers which run down in the outer 
region of the cortex; in the creeping stem these may be thin walled 
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or even absent. The peduncle shows a structure similar to that of 
the stem figured; no circle of separate bundles such as in Potamo- 
geton is found, but the central cylinder consists of two united 
bundles. 

The well-defined cortical system of this plant is a characteristic 
feature which at once separates the genus from Potamogeton. In P. 
Nuittallii, however, we have a suggestion as to how the condition in 
Zostera may have arisen, as described above (p. 167); the lateral bundle 
entering the stem from the petiole and stipule may give off a branch 
which descends through the cortex. The chief difference between 
this condition and that in Zostera is that in the latter genus the cortical 
strand is continuous up and down through a number of internodes. 
Whether a leaf trace at once penetrates into the central cylinder, or 
descends at the periphery of the cylinder, or descends altogether out- 
side the cylinder, appears to be a feature readily modifiable in the 
monocotyledons, as has been pointed out by the writer (6), and in 
almost every family of monocotyledons there are members in which 
at least some of the leaf traces pursue a cortical course for the length 
of an internode before joining the central cylinder. Apparently this 
condition is derived from that in which all bundles of the leaf trace 
join the stele directly. 

According to SAUVAGEAU (23), Z. Muelleri and Z. tasmanica show 
two to five cortical bundles 9n each side in place of the single one of Z. 
marina. These bundles anastomose with one another at the node, 
and send a branch to the central cylinder, while receiving a single 
bundle from the leaf, j. e., the leaf has a median and only two lateral 
traces. 

The affinities of this genus are by no means clear. Like Potamo- 
geton it has an elongated inflorescence which here reaches a high 
degree of specialization. The totally immersed habit of the plant, 
together with the hydrophilous mode of pollination by means of fila- 
mentous pollen also indicate specialization. The vascular structures 
may have been derived from the condition found in Potamogeton, as 
is suggested above, but the resemblance is not striking, especially 
when we consider the eight radially arranged bundles of the central 
cylinder. The process of evolution has apparently separated Zostera 
far from its relatives. 











BOTANICAL GAZETTE [SEPTEMBER 


PHYLLOSPADIX 

This Pacific coast genus, nearly related to Zostera, has been inade- 
quately studied, though DuDLEy (8, 9) gives a good general account, 
and corrects several mistakes of earlier writers, e. g., the supposedly 
tuberous habit of the base of the stem as erroneously figured in Enc- 
LER and PRANTL (11). Through the kindness of Mr. C. P. Smiru, 
I have been able to study alcoholic material of P. Scouleri from 
Carmel Bay, California. As DUDLEY points out, the basal part of 
the stem, far from being tuberous, is an elongated rhizome, along which 
the leaves are arranged alternately right and left. In general plan, 
the structure of the stem resembles that of Zostera marina, showing a 
comparatively small-central cylinder and two slender cortical bundles. 
To the latter the lateral leaf trace bundles are attached, while the 
median trace joins the central cylinder directly. These statements 
apply equally to the ascending stem, represented in fig. 30, which 
shows certain features more clearly on account of the absence of roots. 
As may be seen in the figure, two lateral traces enter the stem on each 
side of the median trace, and attach themselves to one of the cortical 
strands which then sends in a branch to the central cylinder. Thus 
the disposal of the leaf traces differs no more from that in Zostera 
marina than does this from other species of Zostera. The central 
cylinder is in most respects similar to that of Zostera, showing four 
bundles in a section through an internode of the ascending stem. 
In the upper part of such a stem the bundle derived from the median 
trace of a leaf runs somewhat apart from the other bundles of the 
central cylinder, and in general the vascular strands of this genus 
show a tendency to be more widely separated than in Zostera. The 
floral axis does not show the ring of bundles seen in Potamogeton, but 
these are arranged in a tubular stele, and there are two cortical strands 
as in the lower part of the stem. These features of the floral 
axis are in accord with its specialized character in this species. 
Numerous mechanical strands enter the stem from the leaves, espe- 
cially in the ascending part of the stem, but they are not numerous nor 
thick walled in the creeping stem. As in Zostera the pollen is fila- 
mentous. The anatomical characters afford no reason for question- 
ing the conclusion of DupLey, that the genus is derived from 
Zostera. 
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CYMODOCEA . 
This genus shows several points of resemblance to Zostereae, e. g., 
the filamentous pollen, elongated creeping stem, frequently ribbon- 
shaped leaves, and, as will be seen, its vascular structure is closely 
related. The best general account is that by BorNeET (2) of the 
species C. nodosa, though the account of the vascular anatomy is 
meager. SAUVAGEAU has described certain features of the stem and 
leaf structure of a number of species (24). The only species acces- 
sible to me has been C. manatorum, and to it the following account 
applies. The internodal stem (fig. 31) shows a differentiation in its 
cortex which is characteristic of the genus. An outer zone free from 
lacunae contains near its inner limit a broken circle of cortical bundles, 
and surrounds an inner zone which is lacunar. The circle of bundles 
really consists of two sets, an arc-shaped group of four or five on each 
side of the central cylinder, which is somewhat flattened. Each of 
these groups corresponds to one of the two cortical strands of Zostera 
marina, and to the two to four strands of Z. Muelleri and Z. tasmanica. 
They are, as would be expected from analogy, connected with the 
lateral traces of the leaf, while the median leaf trace enters the central 
cylinder directly. At the node the cortical bundles of each side anas- 
-tomose and send a branch which joins the central cylinder at the point 
of entrance of the median trace. Certain of these features are shown 
in fig. 32. As SAUVAGEAU figures for C. serrulata, the central cylinder 
consists of two bundles lying in the line which passes through the base 
of the leaf (fig. 31); the phloem contains several large sieve tubes, and 
the xylem of the two bundles is fused and is represented by a central 
lacuna. As the node is approached, tracheary tissue fills the lacuna, 
and at the point of entrance of the leaf trace that bundle of the stele 
lying toward the trace becomes amphivasal, quickly followed by the 
other bundle. After the entrance of the two bundles from the cortical 
system three amphivasal bundles are present in the stele, soon becom- 
ing two and changing to the collateral form as their xylem disappears 
and is replaced by the central lacuna. The cortical system of Cymo- 
docea seems to be an extension of the plan seen in Zostera marina, Z. 
Muelleri forming an easy transition. The genus is to be regarded as 
a specialized one, judging from the anatomy and the filamentous 
pollen. 
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HALODULE 

I have not examined material of this genus, but SAUVAGEAU’s 
account of the stem structure (24) leaves little doubt that it is derived 
from Cymodocea or one of its near ancestors. Instead of the arc of. 
similar cortical bundles on each side of the central cylinder, Halodule 
shows one larger strand and a variable number of rudimentary strands 
forming an arc—apparently a more differentiated condition than that 
found in Cymodocea. 





ZANNICHELLIA PALUSTRIS 

The external morphology bears a general resemblance to that of 
Potamogeton, and the minor differences are stated in detail in 
IrMISCH’S classic work already referred to (12). The structure of 
the creeping and ascending stems is very similar, and carries the reduc- 
tion observed in Ruppia a step farther. As stated by CAMPBELL (3) 
and confirmed by my observations, the central cylinder of the stem 
consists of thin-walled tissue inclosed in a distinct endodermis and 
surrounding a central cavity. The lacunar cortex lacks the two 
strands seen in Ruppia, for in Zannichellia the leaf contains a single 
trace which enters the central cylinder directly. Spiral tracheids are 
present at the nodes to nearly the same extent as in Ruppia, and are 
much more abundant than in Naias flexilis or N. marina. CaAmp- 
BELL makes the interesting observation that the filament of the sta- 
men is traversed by tracheary tissue, showing in section usually two 
tracheids. The plant is totally submersed, and pollination is effected 
under water, a fact which peints to a high degree of specialization. 
The single stamen and monoecious habit point in the same direc- 
tion; in fact specialization and reduction are so great that the affinities 
of this monotypic genus are very uncertain. 


Naiadaceae 
NAIAS 
On account of the simplicity and the exceptional development of 
its floral parts this genus has attracted much attention. Originally 
counted as belonging to Potamogeton, the tendency now is to put the 
genus in a family by itself. Macnus (15, 16, 18) has thrown much 
light on the morphology, and in his paper of 1870 gives an excellent 
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account of the earlier work. CAMPBELL (3) has studied N. flexilis 
by the aid of modern technique, and RENDLE (22) has recently 
revised the genus from the systematic standpoint. ‘The last two men- 
tioned authors summarize our knowledge of the morphology, so we 
may at once proceed to a discussion of the features which throw light 
on the affinities of the genus. My own observations have been con- 
fined to two species, N. flexilis and N. marina, obtained from several 
different localities with a view to confirming earlier accounts. The 
structure of the stem resembles that found in Zannichellia, and is figured 
for typical species by RENDLE; a cortex containing a circular row of 
lacunae incloses a slender stele which consists of thin-walled elongated 
cells surrounding a central lacuna. The endodermis is usually well 
marked. A single leaf trace enters the stele directly from each leaf. 
In N. flexilis a few ringed or spiral tracheids are to be seen at the 
nodes, especially the younger ones, also in the pedicel of the flower, 
and, according to CAMPBELL, in the young leaves as well. In N. 
marina, however, I am unable to find any trace of tracheary tissue, 
although this species is a stouter form than N. flexilis. The feature 
to which most significance has been attached is the simple flower, 
consisting either of a single ovule or single anther, inclosed in a 
“‘spathe.” In early stages the micro- and megasporangiate struc- 
tures are scarcely distinguishable, and CAMPBELL compares them with 
the sporangia of Azolla. This author argues for the derivation of 
the monocotyledons directly from pteridophytes, especially the Isoe- 
taceae, through simply organized aquatics such as Naias or Zanni- 
chellia. According to this view the simplicity exhibited by the 
vegetative and reproductive structures is primitive. In marked con- 
trast is the opinion of Macnus: “Bei Naias scheint mir vieles dafiir 
zu sprechen, das wir es mit reducirter Einfachheit zu thun haben” 
(18, p. 222). It will be well to examine the evidence in some detail. 
(1) On the view that Naias represents a reduced form derived from 
a land plant, the occurrence of tracheids at the nodes, in the pedicels 
of the flowers, and in the young leaves, receives ready explanation, for 
these regions are just the ones in which ancestral features are apt to 
persist. On the other hand, there seems to be no reason why a sub- 
mersed aquatic which is primitively an aquatic should have any tra- 
cheids whatever. Under this head the evidence seems conclusive. 
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(2) ‘The flowers of Naias represent the simplest form which an 
angiospermous flower can assume, consisting simply of a single carpel 
with but one ovule, or of a single stamen which in most species has 
but one pollen cavity” (CAMPBELL 3, p. 12). The inaccuracy of the 
last statement can be easiy shown. By sorting out the species 
described in RENDLE’s paper, it is found that seven species have a 
unilocular anther, while twenty-three have the usual quadrilocular 
anther. Moreover, CAMPBELL figures a case where the anther of N. 
flexilis is partially divided by a partition. It would seem then that NV. 
flexilis forms an exception to the condition obtaining in the genus, 
hence the similarity between megasporangiate and microsporangiate 
structures is not so great as supposed. Concerning the single stamen, 
it by no means follows that this necessarily indicates a primitive con- 
dition, for there are cases of monandrous flowers belonging to families 
which are admitted to be high in the scale, for instance Hippuris and 
many orchids. 

(3) The ovary of N. marina is surmounted by three stigmas 
(sometimes two), that of NV. microdon by three stigmas, or by two 
stigmas and a spine-arm, or by intermediate conditions; other species 
show a varying numper of stigmas (see RENDLE’s figures). The 
number of stigmas in a flower is usually taken to indicate the number 
of carpels, e. g., some grasses have two stigmas though there is only 
one seed. In the case of Naias, EICHLER (10) is of the opinion that 
the evidence is untrustworthy, since the stigmatic branches are of 
relatively late appearance. It may be, however, that we have here a 
relic of the condition of the flower with several carpels. 

(4) Naias has unisexual flowers, monoecious or dioecious; this is 
not regarded as being so primitive a condition as the hermaphrodite 
one exhibited by members of the Potamogetonaceae. 

(5) Pollination in Naias is effected by means of the water in which 
the plants are immersed. This mode must be considered to be derived 
from the anemophilous mode, for non-motile spores in the higher 
plants are regularly carried through the air. 

On the whole it seems to me that the claim of primitive simplicity 
for Naias cannot be maintained. The evidence goes to show that its 
structure is reduced in accordance with its aquatic habit. The genus 
stands very much isolated, but it has been suggested by Macnus that 
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its ovary might be derived from an ancestor of Zannichellia by the 
suppression of all the carpels but one. 


Aponogetonaceae 
APONOGETON FENESTRALIS 

The creeping rhizome of this bizarre plant differs markedly from 
those found in Potamogetonaceae, being much less lacunar and hav- 
ing its cells loaded with starch. The vascular cylinder is poorly 
defined, since no endodermis is visible and the bundles are not numer- 
ous. Some of these lie at what is to be regarded as the periphery of 
the central cylinder, and a few others run in the medulla. Very few 
of these are amphivasal, and all are weak looking strands with their 
xylem hardly lignified. At intervals the peripheral bundles are con- 
nected by a girdle of vascular strands, so that an almost complete 
ring is formed. Seven or more traces enter from the sheathing base of 
each leaf, rapidly traversing the cortex and penetrating to near the 
middle of the stele, where they anastomose with one another and pro- 
ceed downward through the medulla. Thus the vascular structure 
resembles that of the majority of monocotyledons which have a creep- 
ing rhizome much more than it does that of Potamogeton. In this 
respect and in its floral characters the genus seems more closely related 
to Alismaceae or Juncaginaceae than to the families so far discussed. 


Juncaginaceae 
TRIGLOCHIN MARITIMA 

It is not intended to enter in any detail into the morphology of 
this genus, but to call attention to certain features which seem of 
theoretic interest. Contrary to the habit of the plants at the other end 
of the series, Triglochin has a stocky subterranean stem with short 
internodes, resembling Acorus and many of the sedges. Fig. 33 
shows its central cylinder; an endodermis is visible, within which are 
a number of bundles, mostly amphivasal, imbedded in fundamental 
tissue which is not lacunar as is the cortex, but contains much starch. 
In the center of the stele is an island of mechanical tissue. The 
presence of amphivasal bundles throughout the length of the stele 
easily distinguishes this genus from Potamogeton. The writer has 
already (6) expressed the view that such bundles arising in the nodes 
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by reason of fusion of leaf traces with other strands may continue in 
their amphivasal condition from one node to another in case the inter- 
nodes are short, as is the case in a stocky stem such as occurs in this 
genus. The leaf traces are collateral and penetrate the cortex rather 
rapidly to enter the central cylinder. Fig. 27 shows a transverse sec- 
tion through the floral axis. The exceedingly dicotyledonous looking 
ring of collateral bundles cannot fail to be remarked. Attention has 
already been called to the persistence of ancestral features in the floral 
axis. and we have here a particularly good case in point. 


SCHEUCHZERIA PALUSTRIS 


The rhizome of this monotypic genus bears a general resemblance 
to that of Triglochin, but its tissues are much more lacunar, both in 
the intra- and extra-stelar regions. The cortex lacks the mechanical 
fibers found in Triglochin, and the island of such tissue is absent from 
the stele. Numerous leaf traces enter the cortex from the sheathing 
leaves; the larger traces penetrate directly into the interior of the stele, 
while the smaller ones run down through the cortex for nearly the 
length of an internode before entering the central cylinder. The 
structure of the central cylinder of the rhizome is shown in fig. 34; 
leaf traces are to be seen in various stages of penetration -in to the 
cylinder. Most of the bundles lie in a circle at the outer border of the 
stele, and it will be noticed that practically all of them are amphivasal, 
although CHATIN (4) figures them as collateral. It is probable that 
his figure is from a higher region of the stem, for I have found that in 
this region the bundles are more nearly collateral, i. e., with U-shaped 
xylem. It isof interest to add that in the upper nodes the leaf traces 
enter the stele through distinct gaps. The floral axis is strengthened 
by a thick fibrous ring, inside which are collateral bundles arranged in 
an irregular ring, with three or four lying a short distance farther in. 
Thus the arrangement is not so simple as in Triglochin. 

The affinities of this and the preceding genus seem to be with 
Alismaceae rather than Potamogetonaceae, hence no attempt will be 
made at present to discuss this question. 


Relationships 


The view that the monocotyledons have been derived from the 
dicotyledons has been put on a new foundation by recent anatomical 
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studies. Since the correctness of this view is to be premised in the 
following discussion, it will be well to review the evidence for it. The 
two characteristic monocotyledonous features—scattered arrange- 
ment of the bundles and amphivasal form of bundle—are found not 
to occur in the seedling in families which have been examined in this 
respect (JEFFREY 13, CHRYSLER 5, PLOWMAN 19). On the contrary, 
the seedling shows a tubular stele with collateral bundles, such as is 
typical of a dicotyledon. Sooner or later some of the bundles turn 
into the medulla and show the amphivasal feature at some part of 
their course, eventually becoming leaf traces. These stages in onto- 
geny are believed to repeat stages in the phylogeny of the group. 
Occasional cases of apparent reversion to the primitive type occur in 
adult rhizomes, such as that of Clintonia. The tubular stele is found 
in the floral axis of some monocotyledons, and its occurrence here has 
been interpreted as the persistence of an ancestral feature. In this 
organ and in the leaves, moreover, only collateral bundles are found, 
which is the prevailing type in dicotyledons. A cambium, the lack of 
which was supposed to be a distinguishing feature of monocotyledons, 
chas been demonstrated in Gloriosa by QUEVA (20), in the seedlings of 
a number of monocotyledons by ANDERSSON (1), in Cyperaceae by 
PLOWMAN (1g), and most recently in the nodes of grasses by the 
present writer (6). It has been argued that in the last-mentioned 
case the cambium has persisted in regions where it is of use, and is 
therefore a vestigial not a rudimentary structure. As to geological 
evidence, many of the supposedly ancient monocotyledons have 
turned out to be gymnosperms, and there is no reason for believing 
that monocotyledons existed earlier than dicotyledons. Finally the 
researches of Miss SARGANT have shown how a monocotyledonous 
embryc may have been derived from a dicotyledonous one. 

The present research has added to the evidence along at least one 
of the lines just mentioned. It has been shown that in Triglochin 
and various species of Potamogeton the floral axis contains a circle 
of collateral bundles, in which respect it is sharply distinguished from 
the leafy shoot, especially in Triglochin. It has also been pointed 
out that in the creeping stem of Potamogeton, where no large leaves 
send in traces, the central cylinder has a simple tubular form, though 
this appearance is often masked by the large size of the dorsal and 
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the ventral strand. In the elongated internodes of Potamogeton only 
collateral bundles occur, while in the shortened axis of Triglochin, to 
which many leaves are attached, amphivasal bundles are numerous. 
This apparently represents the direction of evolution. Lack of mate- 
rial has so far prevented me from studying the seedlings of any of the 
Helobiae, but the importance of such study is fully recognized, and 
cultures are in progress which it is hoped will shortly render it pos- 
sible to fill this gap in the evidence. 

Admitting then the derivation of the monocotyledons from dicoty- 
ledon-like ancestors, which of the genera studied most closely 
resemble the dicotyledons? There seems to be sufficient reason for 
considering Potamogeton the most primitive genus met with, as is 
indicated by the following facts: 

(1) The stem of Potamogeton is not a shortened axis, such as is 
seen in many of the monocotyledons, e. g., the rhizome of Triglochin, 
which in all probability has been shortened and thickened in accord- 
ance with its geophilous habit. 

(2) Xylem is well developed in the nodes, floral axis, and young 
stem of many species of Potamogeton. Its presence in these regions 
cannot be explained on physiological grounds, but must be regarded 
as the persistence of an ancestral feature. Conduction must be per- 
formed by the internodes as well as the nodes, therefore if the trach- 
eary tissue were functional (i.e., rudimentary instead of vestigial) in 
the immersed species, its occurrence ought not to be localized. 

(3) The separate strands present in the central cylinder of such 
species as P. pulcher are to be regarded as more primitive than the 
compound or fused cylinder seen in Zostera, etc. 

(4) Potamogeton shows the circle of bundles in the floral axis 
more plainly than any other genus studied, with the exception of 
Triglochin. The significance of this feature has already been con- 
sidered. 


(5) The phloem in Potamogeton is particularly well developed, 
consisting of sieve tubes with evident sieve plates, and undoubted 
companion cells, though the latter are seldom so plain in monocoty- 
ledons as in dicotyledons. 

(6) Some species of Potamogeton possess floating leaves. Though 
it is not denied that this may be a specialized feature, it has been well 





1907] CH RYSLER—POTAMOGETONACEAE 183 


argued by SCHENCK (27) that we have here a stage in the assumption 
of aquatic life by the genus. The leaves of all the other members of 
the family are submersed. 

(7) The inflorescence is a spike or spadix, an admittedly primitive 
form. The other genera show a specialized spadix, such as Zostera, 
or a reduced inflorescence, as in Zannichellia (and Naias). 

(8) The spadix in Potamogeton is raised above the surface of the 
water so that pollination is anemophilous. The nearest approach 
to this is in Ruppia, where the pollen floats on the surface of the 
water, while in the other genera the inflorescence is submersed and 
the pollen does not reach the surface. In connection with this habit 
the pollen of Zostera and Cymodocea is filamentous. Evidently these 
cases of hydrophilous pollination are adaptations. 

(9) The floral parts are in whorls of four, which is a characteristic 
dicotyledonous number, although the whorls do not alternate in the 
simplest way. ‘There is only slight coalescence of parts. 

(10) The flowers are perfect, while in Zannichellia and Naias they 
are monoecious or dioecious. ; 

As to the relationships among the genera, the tendency of recent 
classifications is indicated by the fact that the old family Naiadaceae 
is now split into four families, and one of these (the Potamogetonaceae) 
into five not very closely related sections. It appears that the leading 
principle at work in the evolution of the families has been that of 
simplification or reduction, both in the reproductive and the vegetative 
organs. Some features of specialization and complexity have also 
appeared, such as the filamentous pollen and flattened spadix of 
Zostera. This genus in spite of its peculiarities seems to stand more 
closely related to Potamogeton than to the reduced genera Ruppia, 
Zannichellia, and Naias, and its vascular system at least may be 
derived from that of Potamogeton, as has already been shown. The 
vascular system of Ruppia may represent a reduced condition derived 
from that of Zostera or Potamogeton, while Zannichellia and Naias 
are still more reduced both as regards the vascular system as a whole 
and the elements of which it is composed. Naias represents the 
extreme of reduction found in the group, for there is a single leaf 
trace, and tracheary tissue is found only in certain species, such as NV. 
flexilis, and is confined to a few scattered tracheids at the nodes, the 
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pedicel of the flower, and the young leaves. In contrast to this sim- 
plification, the genus Zostera leads io a state of greater complexity 
in Cymodocea and Halodule, where the two cortical strands of Z. 
marina are replaced by two arc-shaped groups, each of several strands 
but with a similar relation to the leaf traces and central cylinder. 
Phyllospadix differs so little from Zostera in its vascular tissues, that 
if this were the only criterion both might be included in the same 
genus. Triglochin and Scheuchzeria appear to be only remotely 
related to the foregoing genera. Both are much more typical mono- 
cotyledons, as appears from the rhizome and flowers, and are more 
naturally related to the Alismaceae. Aponogeton seems to be more 
closely related to Alismaceae and Juncaginaceae than to Potamogeton- 
aceae. The following diagram represents in a graphic way certain 
of the relations suggested in the foregoing account: 


Halodule Naias 
| 
| | 
Phyllospadix Cymodocea Zannichellia 


SS ee 


Zostera Ruppia 


Bia ea al 


Potamogeton 


Summary 


1. The course of the leaf traces in Potamogeton is not typically 
monocotyledonous, for in the more robust species the three traces run 
down through one internode at the periphery of the central cylinder 
before entering the medulla, where they descend through a second 
internode, finally fusing with cauline strands. 

2. At the points of fusion the bundles are found to be amphivasal, 
while they are collateral throughout their internodal course. 

3. The phloem of the bundles at the base of a branch shows a 
marked swelling. 

4. The cortical bundles present in some species of Potamogeton 
are not regarded as a primitive feature, since they do not occur in the 
fertile part of the floral axis and occur only sparingly if at all in the 
creeping stem. They enter the stem as small strands from the stipules 
and petioles and are not as a rule connected with the principal leaf 
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traces. In Zostera and Cymodoceda, however, there is a system of 
cortical bundles which are connected with all of the principal leaf 
traces except the median one. 

5. The circle of collateral bundles found in the floral axis in 
Potamogeton and Triglochin is regarded as a relic of the ancestral 
dicotyledonous condition of the vascular system. 

6. The evidence afforded by the vascular and floral structures 
indicates that Potamogeton is the most primitive genus of Potamo- 
getonaceae. It shows more clearly than the other genera features 
characteristic of terrestrial life, though some of its species are appar- 
ently reduced forms. 

7. Species of Potamogeton having both floating and submersed 
leaves and a central cylinder in which the bundles run separated from 
one another are regarded as the most primitive members of the genus. 
P. pulcher fulfils these requirements. 

8. The other genera of Potamogetonaceae show further stages of 
reduction in accordance with their totally submersed habit. Their 
relationships are in some cases shown by the vascular structures. 

9. In Naiadaceae the reduction is carried to such an extreme of 


simplicity that the affinities of the family are obscure. 

10. Aponogetonaceae and Juncaginaceae are more typically mono- 
cotyledonous in their structure, and do not seem immediately related 
to Potamogetonaceae. 
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CHRYSILER—POTAMOGETONACEAE 


EXPLANATION OF PLATES XIV-XVIII 
PLATE XIV 

Diagrams to show the course of the leaf traces in the different genera. In 
each diagram the upper part represents a transverse section through the node, 
and the lower part a longitudinal section through a node and part of the inter- 
node below it. The boundary of the central cylinder is indicated by broken 
lines, the median leaf trace by a double line, and the lateral leaf traces by single 
lines. In the vertical diagrams the median trace is represented for the sake of 
clearness as if entering from one side. 

Fic. 4. Potamogeton (most species).—Fic. 5. Potamogeton Nuttallii.—Fic. 6. 
Zostera marina.—F ic. 7. Phyllospadix Scoulerit.—Fic. 8. Cymodocea manatorum. 
—Fic. 9. Ruppia maritima.—Fic. to. Zannichellia and Naias. 

PLATE XV 

Fic. 11. Potamageton natans. ‘Transverse section a little above an upper 
node of the leafy shoot, showing the petiole, fused stipules, axillary bud, and 
stem. XI5. 

Fic. 12. Same. Longitudinal section throngh an upper node, showing the 
swellings at the origin of leaf and branch bundles. X20. 

Fic. 13. Same. Part of fig. rr more magnified; numerous cortical bundles 
are visible. X20. 

Fic. 14. Same. Central cylinder of fig. 13 more magnified. x 45. 

Fic. 15. Same. Transverse section through the central cylinder at a node 
of the leafy shoot. X35. 

Fic. 16. Same. Transverse section through internode of the creeping stem; 
cortical bundles are absent. X 35. 


PLATE XVI 

Fic. 17. P. pulcher. Transverse section through central cylinder of the 
creeping stem at the origin of a branch. X20. 

Fic. 18. P. pectinatus. Transverse section through the leafy stem a short 
distance above a node. X55. 

Fic. 19. P. pulcher. ‘Transverse section through the leafy stem just above 
a node, showing the absence of cortical strands characteristic of this species. 
X20. 


Fic. 20. Same. Central cylinder of fig. 19 enlarged, showing the separated 
bundles. X70. 


Fic. 21. Same. Transverse section through an internode of the creeping 
stem, showing the tubular central cylinder. X20. 
Fic. 22. Same. Central cylinder of preceding figure. x 8o. 
PLATE XVII 
Fic. 23. P. natans. Transverse section through fertile part of the floral 
axis, showing a ring of bundles. X35. 
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Fic. 24. Same. Condition sometimes found in the floral axis. x55. 

Fic. 25. Same. Section from near the base of the peduncle, showing cor- 
tical bundles outside the ring. X20. 

Fic. 26. P. hybridus. Section through the floral axis. X 120. 

Fic. 27. Triglochin maritima. Transverse section through the floral axis, 
showing a ring of collateral bundles. X25. 


Fic. 28. P. crispus. Transverse section through central cylinder. X 100. 


PLATE XVIII 

Fic. 29. Zostera marina. Transverse section through an internode of the 
ascending stem. X20. 

Fic. 30. Phyllospadix Scouleri. Transverse section through the ascending 
stem at the upper part of the insertion of a leaf. 15. 

Fic. 31. Cymodocea manatorum. ‘Transverse section through an internode 
of the stem. X25. 

Fic. 32. Same. Transverse section through a node. X 30. 

Fic. 33. Triglochin maritima. ‘Transverse section through the central 
cylinder of the rhizome. X25. 

Fic. 34. Scheuchzeria palustris. Transverse section through central cylin- 
der of the rhizome. X 30. 
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THE MALE GAMETOPHYTE OF DACRYDIUM 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY, 99 
Mary S. YOUNG 


(WITH PLATE XIX) 


Until 1902, when COKER (1) published a paper on the gametophytes 
and embryo of Podocarpus, we had no account whatever of any of 
the Podocarpineae. The fact that they are in the main forms of 
the southern hemisphere has made it hard to secure the necessary 
material. COoKER’s study was made from two cultivated trees, and 
his results, so far as the male gametophyte is concerned, were, very 
briefly, as follows: (1) The pollen grain contains two prothallial 
cells; the first degenerates slowly, the nucleus of the second slips 
out into the general cytoplasm and may divide; the first may segment. 
(2) The mature pollen grain sometimes contains as many as six 
nuclei. (3) There is one functional male cell formed. 

In connection with these results it is interesting to note some recent 
work on Araucarineae. In 1905 THOMPSON (2) found in the pollen 
tubes of Agathis supernumerary nuclei, sometimes as many as thirteen, 
but was not certain of their origin. In the same year he found a 
similar condition in Araucaria, and ip one instance at least, there were 
more than thirty nuclei placed fore and aft. In 1905 LOPRIORE (4) 
described the pollen grains of Araucaria Bidwillii. According to his 
account, two lenticular cells are successively cut off from the main 
body of the spore, and from them a complex is developed. The free 
central nucleus and an inner cell of the complex increase in size and 
undergo no further divisions; they remain distinct from the others, 
and even in the germinating tube can be recognized. One of them 
is figured with a conspicuous envelope of cytoplasm rich in starch. 
The complex increases to about fifteen cells when the walls disappear. 
Nuclear division, however, continues until there are about thirty-six 
free nuclei in the general cytoplasm. Lopriore interprets the cell 
complex as representing an antheridium and considers the two large 
nuclei as vegetative in character. The paper has been reviewed by 
189] [Botanical Gazette, vol. 44 
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CHAMBERLAIN (5), who suggests that the complex is prothallial and 
the two nuclei reproductive. 

In 1904 JUEL (6) found in the pollen tubes of Cupressus Goveni- 
ana a complex of male cells; sometimes there were only four, but 
more often eight or ten, and in one case about twenty. The tree 
was grown in a greenhouse and may not have been normal. Recently, 
however, a study of Microcycas calocoma by CALDWELL (7) has 
revealed a somewhat similar multiplication of reproductive cells. 
He found in the pollen tube a tube nucleus, a prothallial cell, a stalk 
cell, and eight or nine body cells. Each of these body cells later 
divides to form two sperm mother cells. 

The peculiarity of the pollen grains of Podocarpus and its possible 
bearing on the question of relationships among conifers added con- 
siderable interest to the study of Dacrydium. A brief summary of 
some points in our present knowledge of the male gametophytes of 
conifers may be useful. 

1. Prothallial cells—Taxineae, Taxodineae, and Cupressineae 
have none. In Abietineae there are two and both are ephemeral. 
In Podocarpus there are originally two; one at least is persistent and 
may divide. In Araucaria, as CHAMBERLAIN interprets LOPRIORE’S 
figures, there is extensive prothallial tissue. 

2. Generative cells—The free nucleus of the spore divides to form 
the generative cell and tube nucleus. Usually the generative cell 
divides periclinally to form the so-called stalk and body cells, of which 
the former is sterile. 

3. The male cells—The body cell divides to form two male cells 
or nuclei. The sperms are usually unequal, but in Taxodium and 
Juniperus, and perhaps in Pinus, they are equal. A complex of male 
cells has been found in Cupressus Goveniana. 

4. Shedding.—The usual shedding-stage is after the division into 
tube nucleus and generative cell; but in Juniperus and Cupressus 
the microspores are shed before any division has taken place; and in 
Picea the generative cell has divided. 


DACRYDIUM 


The material for the present work was collected by Professor 
L. CocKAyNE in December 1906 and January 1907 in New Zealand. 
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It was killed and preserved in 70 per cent. alcohol and formalin, 
imbedded in paraffin, cut 5 #, and stained part in 0.5 per cent. hema- 
toxylin and orange G and part in safranin and gentian violet. The 
material consisted of ‘staminate strobili of Dacrydium bijorme, D. 
Bidwillii, D. cupressinum, and D. laxifolium, and young ovules of 
D. cupressinum, D. laxifolium, and D. intermedium. Unfortunately, 
it was impossible to obtain a complete series from any one species. 
The first named was in the microspore stage only; the second fur- 
nished a series from the microspore up to the shedding of the pollen; 
the pollen of the third was ready to be shed, but no grains were found 
in the ovules; the fourth showed young tubes in the micropyles, and 
in D. intermedium they had penetrated the nucellus. 

The staminate strobili are 2 to 6™™ in length and terminate short 
branches. The nucleus of the microspore is large and lies near the 
base of the spore, that is, the side opposite the wings (fig. r). The 
first division cuts off a lenticular prothallial cell which lies close against 
the basal wall (fig. 2). Another division soon follows, cutting off from 
the main body of the spore a second prothallial cell, similar to the 
first and overlying it (figs. 3, 4). Both these cells have distinct though 
very delicate walls; their nuclei are somewhat flattened and stain 
very deeply, but they show no sign of degeneration; the cytoplasm 
also is very dense. 

In Dacrydium, as in Podocarpus and the Abietineae, a third cell 
is now cut off from the main body of the spore (jig. 5). It overlies 
the others and is so similar to them that but for its subsequent behavior 
one might think it a third prothallial cell. It is a generative cell— 
generative in the sense that it is the ancestor of sperms. This and 
the second prothallial cell now both divide; usually the division of 
the latter occurs first, but the order may be reversed (figs.6,7). In 
either case the result is a complex of five distinct cells, one in the 
lowest, and two in each of the upper tiers, filling about one-third of 
the cavity of the spore. All the five nuclei are oval and stain very 
deeply. The free nucleus, which is now the tube nucleus, divides 
no more. It is somewhat irregular in outline and is larger and less 
dense than any of the others. The cytoplasm of the pollen grains is 
at this time considerably vacuolated. 

Up to this point all the stages described were obtained from D. 
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Bidwillii. A very close series was secured, showing spindles in 
every one of the divisions, so that the sequence of events was quite 
clear. In this species, very rarely, a division of the first prothallial 
cell occurs. In D. cupressinum, however, this takes place normally, 
giving a complex of six instead of five cells (fig. rz). As early stages 
were not secured, I cannot say when the division occurs. 

The next step in the development of the gametophyte is the enlarge- 
ment of the two generative daughter cells. They increase in thick- 
ness and the nuclei lose their flattened appearance. Before this 
there had been nothing by which to distinguish between the two, but 
now one of them grows more rapidly than the other and arches upward 
conspicuously. This may take place before or after the division 
of the second prothallial cell. At the same time the upper and inner 
walls become gradually less and less distinct and finally disappear 
altogether (figs. 8,9, 10). The larger cell does not lose its identity, 
but retains about itself a sheath of cytoplasm, rich in starch. It 
abandons all connection with the spore wall and appears as a rounded 
cell free within the pollen grain, similar to the body cell of other 
conifers. The other loses itself in the general cytoplasm and its 
nucleus is set free. « 

The prothallial cells now also increase somewhat in ‘thickness, 
their nuclei round up, and their walls fade away. When ready to 
be shed, the pollen grain of D. Bidwillii contains the body cell and 
five free nuclei. These change their relative positions somewhat, and 
the nucleus of the body cell is indistinguishable from those of the 
prothallial cells and the tube nucleus. 

Several pollen grains of D. Bidwillii were found in which two body 
cells were apparently developing from the divided generative cell; 
though these were unequal in size, both had the characteristic sheath. 
In two or three older pollen grains of D. laxijolium, in which the tubes 
were formed, there was the appearance of two body cells, one larger 
than the other; jig. 13 shows one of these cases, though not the most 
pronounced. 

D. laxifolium, though collected on the same day with the micro- 
spores of D. bijorme and the more advanced D. Bidwillii, showed 
no young stages at all. The pollen had all been shed. The micro- 
pyles were full of the pollen grains, of which some had not germinated, 
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but some had tubes twice the length of the spore. In these there 
appeared always the conspicuous body cell and six free nuclei. Among 
the latter one could sometimes recognize the tube and generative 
daughter nuclei by their position or appearance, but sometimes they 
were quite indistinguishable. In several cases one, presumably 
the tube nucleus, had entered the tube and the others were about to 
follow it (figs. 12, 13). 

From the number of free nuclei, it is fair to infer that in D. laxi- 
folium, as in D. cupressinum, the first prothallial cell has divided. 
Another possible explanation would be the division of the body cell, 
but the latest stages in D. Bidwillii, in which the shedding of the 
pollen had begun, could not have been much earlier than that of the 
ungerminated pollen grains in the micropyles, and there was no 
evidence of such a division in either of these. In several cases, too, 
the position of two free nuclei side by side against the lower wall 
suggested their origin from the first prothallial cell. 

The latest stages found were in D. intermedium collected January 
31. The tubes had penetrated the nucellus to some distance, and 
free nuclei were seen in them, but there was no evidence of any 
further divisions. The body cell, still undivided, remained alone 
in the cavity of the pollen grain. It seemed probable that it would have 
divided and given rise directly to two sperms, as in other conifers, 
but there might be other divisions previous to sperm formation. It is 
hoped that in the near future material can be secured and the life- 
history completed. 

DISCUSSION 

The striking facts about the male gametophyte are (1) the multi- 
plication of prothallial cells and (2) the transverse division of the 
generative cell. The development in Dacrydium agrees rather 
closely with that described by Coker for Podocarpus, except that 
there is no sign of degeneration of any of the cells, and the division 
of the generative cell in Podocarpus was not observed. In the light 
of what we now know about Podocarpineae, one can hardly study 
Lopriore’s drawings of Araucaria without agreeing with CHAMBER- 
LAIN’S view. The mode of origin of the cell complex at once suggests 
the prothallial cells of other conifers, and the large nucleus with its 
cytoplasmic sheath looks too much like a body cell to be called vegeta- 
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tive. In fact, all the early figures up to the five-cell stage might be 
taken to represent Dacrydium cupressinum. ‘These show the forma- 
tion of first and second prothallial cells, the generative cell, and the 
division of the first prothallial cell. According to LopRIORE’s account, 
however, after the first two divisions it is usually the middle, that is 
the second prothallial cell, which divides longitudinally, cutting off 
what we would call the generative cell. 

The complex in Cupressus is not at all comparable to that of Arau- 
caria, for it has a wholly different origin. It is not formed early in 
the history of the gametophyte by successive divisions of the spore, 
but later, in the tube, by the division of a single differentiated repro- 
ductive or body cell. The rarity of any prothallial cells at all in 
conifers sets apart Abietineae, Podocarpineae, and Araucarineae as 
the possible representatives of a more primitive condition. Araucaria 
seems to point toward an ancestral functioning thallus, and Dacrydium 
shows a further step in the reduction so nearly accomplished in 
Pinus. A possible connection between the three groups is suggested. 
The question of relationships, however, can be answered only through 
the combined results of various lines of research. 

In most conifers that have been studied, the generative cell divides 
periclinally to form the so-called stalk and body cells, but outside 
of conifers we find Cycas and Ginkgo in which the division is trans- 
verse. The term “stalk cell” is a rather unfortunate one. Its use 
was suggested by the position of the cell between the body and the 
prothallial cells, but in the case of a transverse division, or where, as 
in Sequoia and Cryptomeria, the division takes place in the free 
condition in the tube, the significance of the name is entirely lost. 
It is perhaps misleading, too, in the suggestion of the stalk of an 
antheridium. 

The generative cell is the first of a spermatogenous series. In 
Pinus, for example, it divides, giving rise to a sterile and a fertile 
cell. The body cell divides once and produces two’ male cells. In 
Dacrydium also the first division gives rise to a fertile and a sterile cell, 
but with a tendency for both to function. In Microcycas the genera- 
tive cell produces the sterile stalk cell and eight or more body cells. 
In Cupressus Goveniana one at least of the two generative daughter 
cells divides many times, giving rise to extensive fertile tissue. JUEL 
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saw a small nucleus which he thought to be the stalk nucleus. From 
Microcycas, then, through Dacrydium to Pinus we have a reduction 
series in the spermatogenous tissue. The inequality of the sperms, 
so common in conifers, is only a further step in this reduction. 

The tendency for two body cells to develop in Dacrydium may be 
related to the transverse division of the generative cell. In Pinus 
the inner cell has the advantage at the start, and is thus set apart as 
the body cell; but in Dacrydium both cells begin exsistence with 
apparently even chances, being equally free to enlarge. Thus it 
seems at first a matter of indifference which shall be the body cell 
and which sterile, and some accident of slightly superior size or 
better nourishment may be the determining factor. 





SUMMARY 


1. There are two prothallial cells cut off from the main body of 
the spore. In Dacrydium Bidwillii usually only the second divides; 
in D. laxifolium and D. cupressinum both divide. 

2. The generative cell divides by an anticlinal wall, one daughter 
cell functioning as a body cell and the other being sterile. In some 
cases both produce body cells. 

3. The walls of the prothallial cells and the two generative daughter 
cells disappear. 

4. The mature pollen grain contains the body cell and five or six 
free nuclei, according as the first prothallial cell has or has not 
divided. 


This work was carried on under the direction of Professor J. M. 
CouLTER and Dr. C. J. CHAMBERLAIN. 


UNIVERSITY OF CHICAGO 


Note.—Since this investigation was completed, a paper by JEFFREY and 
CHRYSLER (The microgametophyte of the Podocarpineae. Amer. Nat. 41: 
355-364. 1907) on the same subject has appeared. The paper deals chiefly 
with Podocarpus. The development of the gametophyte corresponds in general 
with that of Dacrydium, but with further divisions of the prothallial cells, resulting 
sometimes in eight, and an occasional division of the generative cell into three 
instead of only two cells. 
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EXPLANATION OF PLATE XIX 


A Zeiss apochromatic 2™™ homogeneous immersion objective and compensat- 
ing ocular 8 were used. All drawings were made with a camera lucida and 
reduced one-half, giving a magnification when reduced of g60 diameters. 

Abbreviations: #, tube nucleus; g, generative cell; ~:, first prothallial ‘cell; 
p2, second prothallial cell; b, body cell; s, spermatogenous cell; st, starch. 


Figs. 1-10, Dacrydium Bidwillii 
Fic. 1. Microspore. 
Fic. 2. First prothallial cell cut off. 
Fics. 3, 4. Cutting-off of second prothallial cell. 
Fic. 5. Cutting-off of generative cell. 
Fic. 6. The second prothallial cell divided. 


Fic. 

Fic. 
shown. 

Fic. 10. Walls of stalk and body cells disappearing. 

Fic. 11. Dacrydium cupressinum, both prothallial cells divided. 

Fics. 12, 13. Dacrydium laxifolium; tube nucleus entering the tube; body 
cell and prothallial and stalk nuclei in the grain. 


. The generative cell divided, the two daughter cells enlarging. 
. Tube nucleus, body cell, and two prothallial cells; stalk cell not 


5 
6 
Fic. 7. Division of generative cell. 
8 
9 
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BRYOLOGICAL PAPERS 
I. THE ORIGIN OF AIR CHAMBERS 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY, 100 


CHARLES R. BARNES and W. J. G. LAND 
(WITH TWENTY-TWO FIGURES) 


The air passages in certain tissues of the vascular plants are so 
prominent as to attract instant attention when a section is examined. 
Inasmuch as new cells are produced by division, and the partitioning 
wall is a joint product of the two severed protoplasts, a-priori reason- 
ing leads to the hypothesis that intercellular spaces arise by the 
secondary splitting of the membrane, on account of unequal growth 
and turgor. This hypothesis is abundantly verified by observation, 
and there remains no doubt whatever that the aerating passages of 
vascular plants are formed in this manner. 

When intercellular spaces were observed in liverworts, it was 
natural to assume that they took their origin in the same fashion. 
In the Anthocerotales, intercellular spaces of the triangular and 
quadrangular type, familiar in the pith parenchyma of vascular plants, 
occur in both gametophyte and sporophyte. We are not aware that 
the origin of these has ever been supposed to be in any way different 
from that of similar spaces elsewhere. The origin of the mucilage 
clefts and chambers of Anthoceros and Dendroceros is definitely 
ascribed by LEITGEB' to cleavage, and he has been quoted in all 
textbooks. 

In the Marchantiales, however, the canals and air chambers in 
the upper portion of the thallus are so large and extraordinary in 
architecture, that it was questionable whether they arose in the familiar 
fashion, or had some peculiar origin. HOoFMEISTER? describes the 
formation of the air chambers in the gametophore of Marchantia 
polymorpha in these words: 

Close under the arched upper surface of the receptacle of Marchantia ... . 
numerous air cavities are formed, even before the first appearance of the arche- 


t LertcEB, H., Untersuchungen iiber die Lebermoose 5:4, 13ff., 31. 1879. 
2 Higher Cryptogamia 117. 1862. 
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gonia. They are formed in the same manner as the air cavities of the stem. 
‘At the first appearance of the air cavity one epidermal cell only detaches itself from 
the underlying tissue of the receptacle. By repeated transverse division of the 
mural rows of cells lying between the air cavities, the lid of the cavity is carried 
rapidly upwards. This epidermal cell, which closes the air cavity, forms itself 
into a stomate. 

HormMEIsTER also speaks of air cavities being formed in the “stem” 
by the lifting-up of a “single layer of cells,” of which the central one 
divides to form the ring that opens as a stoma. 

This conception is obviously that of schizogenous formation, but the 
separation was ascribed to the upgrowth of the lateral walls of the 
chamber as the base and roof widen. With the exception of the 
detachment of a single epidermal cell, what HormeIsTER describes 
actually happens; but he observed only the later stages of develop- 
ment and not the origin of the chambers. 

This alleged origin was accepted by Sacus and was described by 
him in the Lehrbuch der Botanik of 1874, whence it found its way into 
the English edition, issued in 1882. There the statement occurs 
(under the topic Intercellular spaces, be it noted): 

The epidermal cells become detached from those lying beneath over rhom- 
boidal areas, which are marked off from one another by walls formed of cells which 
are not detached. 

In the Appendix (p. 948), VINES, who had seen LEITGEB’s paper 
on the stomata of Marchantia,3 gives a very brief and clear outline 
of the formation of air chambers according to LEITcGEB. From that 
time to the present LEITGEB’s views have prevailed, being repeated 
in all the textbooks as settled fact. As CAMPBELL in the new edition 
of Mosses and ferns nowhere definitely describes the origin of air 
chambers,* we quote and translate from GOEBEL’s Organographie 
(p. 296): 

It is characteristic of the Marchantiaceae and Ricciaceae that air chambers 
are found in the nutritive tissues. These arise, as LEITGEB first showed, not at 


3 Sitzb. Kais. Akad. Wiss. Wien 81:40-54. pl. I. 1880. 
4 CAMPBELL casually uses this expression (op. cit., p. 39) regarding Riccia tricho- 
carpa: ‘At first the cells of the young thallus are without intercellular spaces, but at 
an early period the outer cells of the young segments separate and form the beginnings 
of the characteristic air-spaces”’ [italics ours]. Inasmuch as CAMPBELL follows LEIT- 
GEB’s account for other Ricciaceae, so far as he gives any description of the air-chamber 
formation, these phrases seem to have been accidentally correct. 
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all as do the intercellular spaces of higher plants, by the cells separating, nor even 
by progressive cleavage from outside inward; but they appear originally as 
depressions in the surface, which arise by definite points (always situate where 
four cells meet) lagging in growth and so becoming overgrown by the adjacent 
parts. 

While casually following the development of the spirelike air 
chambers on the gametophore of a species of Fimbriaria collected by 
Dr. C. J. CHAMBERLAIN in Mexico in 1904,5 our attention was attracted 
to very young air chambers on a receptacle still very small. The 
appearance of a cavity very close to the apical cell, and relatively 
deep in the tissue, raised a doubt as to the possibility of its having 
been overgrown so promptly by adjacent cells. On examining this 
matter in the thallus, in longitudinal sections through the apical cell, 
what we saw showed that a reinvestigation of the origin of the air 
chambers was needed. 

Accordingly, we have examined as many of the Marchantiales 
as have been easily obtainable. Although we have not studied all the 
members of the group, but only representatives, the facts observed 
are so uniform and unambiguous that it is unlikely there is any other 
mode of origin than the one found in every case examined. This 
expectation derives force from the fact that our examination has 
covered all types of air chamber, and that LEITGEB’s extensive obser- 
vations can be interpreted (as he himself confessed in regard to Mar- 
chantia and Preissia) in consonance with schizogenous origin. 

Inasmuch as LEITGEB’s view is accepted at present and we con- 
sider it untenable, we quote some of his very unequivocal declarations, 
to show that he has left no doubt as to his meaning. Speaking of 
the Ricciaceae, after describing the quadratic surface mesh formed 
by the walls of the cells near the growing point, he says:° 

Soon one observes at the corners small pits, which arise thus: the growth of the 
lateral walls of the outer cells, in so far as concerns the direction at right angles 


5 Probably Fimbriaria echinella Gottsche. 

6 Bald bemerkt man an den Ecken kleine Griibchen welche dadurch entstehen, 
dass das Wachsthum der Seitenwande der Aussenzellen, insoweit als es sich in der auf 
der Dorsalflache senkrechten Richtung vollzieht, in den Kanten geringer ist, als an den 
iibrigen Stellen. Es entspricht daher der tiefste Punkt eines Griibchens dem 
(urspriinglich an der Oberflache gelegenen) aussersten Punkte der verkiirzt bleibenden 
Seitenkante, und die das Griibchen umgrenzenden Wandstiicke sind Theile der 
urspriinglichen Aussenwande, resp. aus diesen hervorgegangen. Indem nun dieser 
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to the dorsal surface, is less at the corners than in the other parts. ‘The lowest 
part of .a pit therefore corresponds to the outermost point of the lateral wall, 
originally lying in the surface, which wall remains short, and the parts of the 
wall bounding the pit are parts of the originally outer walls, or have arisen from 
them. If this mode of growth be continued, the pit will of course be deepened. 
Now there occurs in each cell a division parallel to the surface, which separates 
approximately the part surrounding the pit from the inner part. From the exterior 
cell thus formed, there arises the whole of the tissue pervaded by air chambers. 
First of all, the pit becomes farther deepened into a canal by progressive growth 
in the same direction, and now there follows, in each outer cell, a division parallel 
to the earlier one. The canal now penetrates two layers of cells, of which the outer 
becomes the permanent epidermis, while from the inner arises the entire tissue 
containing the air chambers lying beneath the epidermis. 


He continues:? 


By way of summary of the foregoing exposition of the formation of air 
chambers and stomata, it may be said that the air chambers do not arise in the 
tissue by the separation of cells, nor by a progressive splitting jrom outside inward; 
but that.they represent depressions of the surface, which are formed by definite 
points of the surface becoming overgrown by the more rapid growth of neighbor- 
ing parts. 


This investigation LEITGEB extended by a study of the stomata of 
Marchantiaceae, an account of which, published in 1880 (/. c., foot- 
note 3), was reprinted, with only a few unimportant verbal changes, 
in the last part of the Untersuchungen. After declaring the homology 
of the air chambers and canals of Marchantiaceae with those of 


Wachsthumvorgang noch weiter eingehalten wird, wird das Griibchen selbstverstindlich 
vertieft. Nun erfolgt in jeder Zelle eine der Oberfliche parallele Theilung, welche 
ungefahr den die Grube umgrenzenden Theil derselben von dem inneren Theile 
abschneidet. Aus den so entstandenen Aussenzellen geht nun das ganze, mit Luft- 
raumen durchzogene Gewebe hervor. Vorerst wird durch das in gleicher Richtung 
fortschreitende Wachsthum das Griibchen weiter vertieft und so zum Canale, und nun 
erfolgt in jeder Aussenzelle eine der friiheren parallele Theilung. Der Canal durch- 
setzt nun zwei Zelllagen, deren aussere zur bleibenden Oberhaut wird, wahrend aus 
der inneren Zellschicht die ganze unter der Oberhaut liegende Lufthéhlenschichte 
hervorgeht.—Untersuchungen itiber die Lebermoose 4:10. 1879. 

7 In Zusammenfassung der tiber die Bildung der Luftriume und Spaltéffnungen 
eben gegebenen Ausfiihrungen ergibt sich also, dass die Luftkammern nicht im Gewebe 
durch Auseinanderweichen der Zellen entstehen, auch nicht durch eine von aussen 
nach innen fortschreitende Spaltung; sondern dass sie Einsenkungen der Oberfliche 
darstellen, die dadurch gebildet werden, dass bestimmte Punkte der Oberfliche durch 
rascheres Wachsthum benachbarter Partieen itiberwachsen werden.—. c., p. 12. 
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Ricciaceae, and pointing out the existence of intermediate forms, he 


says:® 


Further, there does not occur in the formation of the air chamber any separa- 
tion of cells previously joined without interstices; nor does the roof of the air 
chamber (epidermis) lift itself up secondarily from the underlying tissues, but 
it is formed simultaneously with the rudiment of the air chamber and grows in 
breadth at equal pace with the broadening chamber. 


Regarding Preissia he repeats:° 


It (the formation of air chambers) begins with the formation of superficial 
pits, which deepen to canals that later become closed again outwardly, as in the 
carpophore. 


And further: '° 


I have not discussed hitherto the origin of these primary pits. We mught 
explain them by the splitting of the membrane, i. e., the separation of cells; and 
the formation of aerating apparatus with simple openings would then be con- 

8 Es findet also bei Bildung der Luftkammer eine Trennung friiher interstitienlos 
verbundener Zellen nicht statt, und die den Luftraum nach aussen abschliessende 
Decke (Oberhaut) hebt sich nicht secundir vom darunter liegenden Gewebe ab, 
sondern sie bildet sich schon zugleich mit der Anlage des Luftraumes, und wiichst 
nach Massgabe seiner Verbreiterung ebenfalls in die Breite——Unters. iiber die Leber- 
moose 6:6. 1881. 

9 Sie beginnt mit der Bildung von oberflichlichen Griibchen, die sich zu einem 
Canale vertiefen, der spaiter wie an den Fruchtképfen nach aussen wieder verschlossen 
wird.—i. ¢., p. 9. 

10 Ich habe bis jetzt der Art der Entstehung jener primiren Griibchen nicht Erwih- 
nung gethan. Wir kénnten sie durch Spaltung der Membran, d. h. durch Trennung 
der Zellen erklaren, und es wiirde dann die Bildung des mit einfachen Oeffnungen 
versehenen Athmungsapparates als Folge einer von aussen nach innen fortschreitenden 
Membranspaltung zu betrachten sein, wo also die Bildung der Oeffnung der primire, 
die der Athemhéhle (Luftkammer) der secundire Vorgang ware. Am Laube von 
Marchantia (und Preissia) wiirde aber zuerst die Athemhéhle, und zwar wieder durch 
Trennung der Zellen (Membranspaltung) erfolgen, und spiter erst wiirde der 
Athmungscanal—und wie die Beobachtung lehrt—von innen nach aussen fortschreitend 
gebildet werden. Fiir die Oeffnungen an den Fruchtképfen miisste man selbstverstand- 
lich annehmen, dass hier ebenfalls die Spaltung von aussen nach innen fortschreite, 
dass die Spalte aber spaiter durch Aneinanderschliessen der Zellen wieder verschwinde 
um erst weit spiter wieder geéffnet zu werden. 

Ich glaube aber, dass eine andere Erklarung viel plausibler ist, weil sie geeignet 
ist, die Vorgiinge von einem Gesichtspunkte aus-zu betrachten, und sie mit anderen 
scheinbar gariz verschiedenen Bildungen in Uebereinstimmung zu bringen. 

Ich habe im IV. Hefte meiner Leberrhoosuntersuchungen die Ansicht aufgestellt, 
und zu begrunden versucht, dass jene primaren Griibchen nicht durch Membranspal- 
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sidered as a result of progressive cleavage of the membranes from outside inward, 
when the formation of the opening would be the primary, and that of the air cham- 
ber the secondary process. So on the frond of Marchantia (and Preissia) the 
air chamber would arise first (and indeed by cleavage of the cell walls), and only 
later wouid the aerating canal be formed (as in fact observation shows) progress- 
ively from inside outward. As to the openings on the carpophore, one of course 
would have to assume that here likewise the cleavage advances from outside 
inward, but that the cleft later disappears, on account of the pressing together of 
the cells, and only much later again becomes opened. 

But I think that another explanation is much more plausible, because it is 
competent to consider the processes from a standpoint which brings them into 
harmony with other entirely different structures. 

In part IV of my Untersuchungen I have set forth and sought to establish the 
view that each primary pit is not formed by cleavage of membranes,but arises in 
consequence of peripheral growth in thickness. The deepest point of the pit thus 
does not correspond with a point lying originally within the membrane of a 
lateral wall, i. e., below the surface, but lay originally in the outer surface, and the 
parts of the wall bounding the pit are therefore parts of the original outer walls, 
or have developed from them. If the same growth process (which is really only 
accelerated growth in area of the originally free outer walls) proceeds still further, 
the pit will be deepened. Now as the air chambers (to be) arise exclusively by 
growth in area of the parts of the walls bounding the pits, it follows that they must 
be regarded as really depressions of the surface, which are formed by certain 
tung sich bilden, sondern in Folge des peripherischen Dickenwachsthums entstehen. 
Der tiefste Punkt des Griibchens entspricht somit nicht einem urspriinglich innerhalb 
der Membran einer Seitenwand, also innerhalb der Oberfliche gelegenen Punkt, son- 
dern war urspriinglich, in der Aussenfliche gelegen und die das Griibchen umgebenden 
Wandstiicke sind daher Theile der urspriinglichen Aussenwinde, respective aus ihnen 
hervorgegangen. Indem der gleiche Wachsthumsvorgang (der eigentlich ja nur ein 
gesteigertes Flachenwachsthum der urspriinglichen freien Aussenwinde ist) noch 
weiter eingehalten wird, wird das Griibchen vertieft. Da nun die spiateren Luit- 
kammern ausschliesslich durch Flichenwachsthum der die Griibchen begrenzenden 
Wandstiicke entstehen, so folgt daraus, dass sie eigentlich als Einsenkungen der 
Oberflache zu betrachten sind, die dadurch gebildet werden, dass bestimmte Punkte 
der Oberflache durch rascheres Wachsthum benachbarter Partien tiberwachsen werden. 
Es trifft hier bestimmte Punkte der Oberflache ganz dasselbe Schicksal, wie die anfangs 
sogar tiber die Oberflache hervorragenden Mutterzellén der Geschlechtsorgane, welche 
ja ebenfalls durch Ueberwachsen ins Gewebe versenkt werden. Die Héhlungen, in 
welchen die Antheridien und Archegonien z. B. bei Riccia liegen, entsprechen in ihrer 
Bildung vollkommen den Luftkammern, und da beide gleichzeitig angelegt werden, 
miissen sie auch in gleiche Tiefe in das Gewebe hineinreichen, mit andern Worten, die 
Basis der Geschlechtsorgane liegt in gleichem Tiefe mit der innern Begrenzung der 
Luftraume, und wo die Organe zu Standen zusammentreten, sind diese ihrer ganzen 
Tiefe nach von Luftkammern durchzogen und sitzen unmittelbar dem interstitien- 
losen Gewebe auf.—l. c., p. 9. 
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points of the surface becoming overgrown by reason of the more rapid growth 
of neighboring parts. There befalls these points quite the same fate as overtakes 
the mother cells of the sex-organs, which at first indeed project above the surfuce, 
but likewise become sunk in the tissue by being overgrown. The hollows in which 
lie the antheridia*and archegonia (e. g., of Riccia) correspond completely in 
their formation with the air chambers; and as both are laid down simultaneously, 
they must attain an equal depth in the tissues; in other words the base of the sex- 
organs lies at the same level as the inner boundary of the air chambers; and where 
the sex-organs:are aggregated in groups, they are surrounded for their whole 
length by air chambers and are seated directly upon the compact tissue. 


There is no doubt as to LEITGEB’s meaning, for he has both put 
his declaration positively and denied categorically the other possible 
modes of origin. Yet it is clear, both from his figures and from his 
description, that he saw many clefts which can be most easily inter- 
preted as due to splitting; but apparently he did not in all cases see 
the earliest stages of the air chambers, which can be interpreted in no 
other way. It is not surprising, however, that so good an observer 
missed them, as he had at his command almost none of the modern 
technique. Rather it is surprising that he saw so much and so accu- 
rately, for with the best technique it is not easy to discern the first 
cleavage. 

A-priori reasoning, weak as it is, creates suspicion of the correct- 
ness of LEITGEB’s view, and no figure of his shows any condition that 
cannot be interpreted in consonance with schizogenous origin. It 
is peculiarly difficult to conceive of a mode of growth such as he 
describes, for nothing like it is known elsewhere. If the lowest point 
of the pit is a point which originally 
lay in the surface, and there is no 
cleavage, then the progressive forma- 
tion of the pit must be somewhat as in a 
fig. 1. In such a process the pit must 
be very slender, as otherwise the wall ; 
would show a reentrant angle; indeed, ies Pinca 
it is difficult to see why the pit would to Lerrces. 
not be closed by turgor as fast as the 
adjacent cells grew up, unless one predicates rigidity at the base of 
the dome or a rapid growth at the very surface in which the upgrowing 
cells did not share. When ready for the divisions which are to pro- 
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vide a roof for the widening chamber, the form of the cell, necessary 
under this mode of growth, would seem almost to preclude so unequal 
a division (4, fig. 1). Certainly if the pit were open at the time the 
first division took place, the cells cut off could only close it by later 
growth. As a matter of fact, in LerTcEs’s plates no such stages as 
~ we have sketched are shown; yet if the pit is formed as he says, they 
should be found. In spite of diligent search we have seen nothing 
that could possibly be interpreted so. 

Moreover, it is easy to see that LEITGEB was misled by his desire 
to homologize the formation of air chambers with the formation of 
pits for the sex-organs. So, though he admits seeing the primary 
formation of intercellular spaces in Marchantia, Preissia, and Plagio- 
chasma, he deliberately rejects the obvious explanation of splitting. 
He did this in order to apply to Marchantiaceae the idea he had con- 
ceived for Ricciaceae. So if it can be shown in Ricciaceae that the 
intercellular space is formed by cleavage, and then splits out to the 
surface, the immediate reason for such distortion will have been 
cleared away, though it cannot be justified. Having homologized 
the air chamber and sex-organ pit*in Ricciaceae, he applied the 
explanation perforce fo Marchantiaceae. 

Now in the case of sex-organs, it is easy to understand how the 
rudiment can be overgrown and left in a pit, since the growth of a 
whole cell line is retarded, while its neighbors surpass it. The initial 
at first grows more rapidly than do the adjacent cells of the thallus, 
the protuberance and finally the protrusion of the initial being the 
visible evidence of its more rapid growth. Later the adjacent cells 
outgrow the sex-organ and it becomes “‘sunk”’ in the thallus. 

But in the matter of air chambers is involved the retardation or 
the cessation of growth in a very limited part of the walls belonging 
to four contiguous cells, while all the rest of these four walls and the 
remaining sixteen grow throughout, and all decidedly outgrow the 
lagging portion of the four! While such a thing is not impossible, 
it is wholly improbable and needs to be supported by most convincing 
evidence. Such evidence LEITGEB nowhere presents, either in text 
or figure. We propose to show, on the contrary, that the assumption 
of such peculiar lagging is unnecessary, because all the observed 
structures can be produced by common splitting, and the earlier stages 
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can be produced in no other way. In presenting the evidence we 
have selected only a few examples, and show in the drawings merely 
the walls, since to show the cell contents would only obscure the 
essential features. 

In the Ricciaceae we have examined only Riccia fluitans and R. 
natans, in which the origin of the air chambers is exactly alike, though 
the later course of development seems to be different. The origin 
of both is certainly by internal cleavage, and it is quite evident that 
the air chamber is wholly unrelated to the sex-organ pit. Fig. 2 
furnishes conclusive evidence 
on both points. An apical 
cell (?) is at a; at ! isa young 
cleft and at ? an older one, 
which has promptly broken 
out to the surface; while @ is 
a young archegonium. The 
fact that this organ is not yet 
overgrown by the adjacent 
tissues, while the air chamber ? is clearly defined, shows forcibly 
how LEITGEB erred in homologizing the sex-organ pit and the air 
chamber. In figs. 3, 4, further 
stages of development are 
shown and also the tendency 
of the spaces to close at 
certain points, p, both at 
surface and internally by the 
outgrowth of cells. 

The peculiar form of the 
thallus and the sudden tume- 
faction of the tissues in Riccia 
natans makes it very difficult 
to trace the history in detail, and we are not prepared to make any 
statement at present as to the later course of development of the 
air chambers. The system appears to be a complicated one; there 
is rapid enlargement of primary spaces, probably accompanied by 
secondary cleavage and partitioning -of the chambers. 

In Marchantia the splitting does not take place so early in the 


Fic. 2—Riccia natans: a, apical cell (?); 
I, 2, air chambers; 2 young archegonium. 
> ’ ’ d g g 


Fic. 3.—Riccia natans. Older air cham- 
bers; 7, internal; at p, p, partial closure of 
passage by outgrowing cell. 
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history of any segment and the enlargement of the intercellular spaces 
proceeds much more slowiy. Moreover, the structure of the thallus 
makes it easier 
to secure sections 
through the apical 
region, so that one 
may readily ob- 
serve the origin 
and follow the de- 
velopment of the 
air chamber. It 
seems probable 
from our observa- 
tions that the time 








Fic. 4.—Riccia natans. Nearly mature air chambers, 

superficial and internal, primary and secondary. and place of the 

first splitting is 
somewhat variable, depending upon the relation between cell division 
and enlargement. 

The normal position of the cleft is either in the center of a segment 
of the apical cell near, the surface or in the 
center of one or another of its primary sur- 
face segments 
formed by a 
further dvision. 
A periclinal divi- 
sion of the seg- 
ment may cut it 
into a superficial 
and an internal 
cell. This super- 
ficial cell is often- ; 
est the mother _,,.0.5- Malanie 
cell of the cham- 3, air chambers. 

Fic. 6.—Marchantia poly- ber (fig.9). Then 
morpha: a, apical cell; 2, 3, two anticlinal walls, 22, and another, °, 
canes in the plane of the drawing, divide this 
“mother cell” into four, a dextral and sinistral, an anterior and 
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a posterior cell. Each is then divided, in 


intersection of these last walls with the preced- 
ing anticlinal one, ?*, the split usually occurs. 
This is promptly followed by divisions, °°, 
to form the cells of pore margin and roof. 
In fig. 5 the four nuclei mark the place of the 
split; for were the division in progress com- 
pleted, the cleft would appear at the corner 
common to these four cells. 

There is also more or less variation in the 
course of development. Sometimes the nascent 
chamber breaks out to 
the surface and re- 
mains wide open for 
a time (fig. 7, *); 
sometimes (and more 
commonly). divisions 
Fic. 8.—Marchantia ©MSUE SO promptly in 
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the plane *‘, into a 


superficial and an internal cell by a periclinal division, and at the 





Fic. 7.—Marchantia 
polymorpha: a,apical cell; 
2, 3, air chambers; at I 
the next one is due after 
division of outer cells. 


polymorpha: 1, 2,aircham- the cells above the primary cleft that the 


bers; 2 shows tardy divi- 
sion of roof cells. 


turgor of the newly formed cells keeps the 
passage closed from the beginning (figs. 


6, >; 8,4"). These quickly divide (figs. 
6, ®; 7, 3; 9) and by repeated divisions give 
rise to the roof and the pore margin (fig. 10) 
of the well-known form. 

A comparison of these figures with jig. 17, 
plate 12, of LEITGEB’s Untersuchungen, and 
the earlier figures of his paper on the stomata 
of Marchantia (/. c., footnote 3), shows 
clearly enough that he saw essentially similar 
stages, though probably not such early ones 
as we indicate. It was chiefly in the interpre- 
tation of his observations that he went 
astray. 

In Lunularia the process is similar in all 











Fic. 9.— Marchantia 
polymorpha. Diagram of 
the course of normal divi- 
sion of the “mother cell” of 
an air chamber; the num- 
bers show the sequence 
of walls. 


respects to that in Marchantia, though the material available was 











208 BOTANICAL GAZETTE [SEPTEMBER 


not as vigorous as could have been desired. The splitting is prompt 
and the divisions follow so quickly that the roof and cells of the 
pore margin are soon completed (jig. 17). 

In Conocephalus also the formation 
of the air chamber is rapid (jigs. 12, 13) 
and the details are not as regular and 
therefore not as easy to follow as the 

Fic. 10.—Marchantia poly. Marchantia. After the initial cleft has 
morpha. Formation of the pore extended to the surface (fig. 12, 2) the 
expansion of the tissues at first outstrips 
the divisions which are to produce the roof, so that the chamber is 
open (fig. 12, *+, fig. 13, *+). Later the roof closes the chamber, 
perhaps intermittently (fig. 12, °, fig. 13, *°®), which only becomes 





margin, with complete closure. 





Fic. 11.—Lunularia vulgaris: a, Fic. 12.—Conoce phalus conicus: a, apical 
apical cell; }, c, successive segments; cell; 1-6, air chambers. 
I, 2, 3, air chambers. 


permanently open when the divisions for the pore margin begin (fig. 
rg, * *). 

Dumortiera (figs. 14, 15) forms air chambers that later disappear 
more or less completely, leaving only traces of their rhomboidal out- 
lines on the surface.*! The plants grow in very damp places, and all 


11 CAMPBELL found no evidence of air chambers in D. trichocephala, which we have 
not seen. It would be very remarkable if the early stages were wholly wanting. 
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the tissues concerned with the formation of air chambers have an 
oedematous look, being soon greatly swollen, with scanty contents. 
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Fic. 13.—Conocephalus conicus: a, apical cell; 1-7, air chambers. 


In consequence of the excessive turgor, apparently, the splitting is 
very prompt and complete, so that the young internal space is difficult 
to find. The air chambers de- 
velop rapidly, and “blow up,” 
so to speak, within a short dis- 
tance of the apex, only the ragged 
walls and roofs, in section like a 
letter Y, remaining for a time. 





Fic. 14.—Dumortiera hispida (?): Fic. 15.—Dumortiera hispida. Older 
a, apical region; 7, 2, air chambers. air chambers, deformed by excessive 
turgor. 


It will be observed that the air-chamber region in Marchantia, 
Lunularia, Conocephalus, and Dumortiera is superficial. By no 
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means all of the tissues arising from the dorsal segments of the apical 
cell show splitting, but much the greater part is compact, with no inter- 
cellular spaces of 
any kind. In 
Fimbriaria and 
Plagiochasma, 
however, the 
splitting involves 
all the tissue 
which arises 
from the dorsal 
segments of the 
sive segments; I, 2, air chambers; in d a secondary deep- apical cell, so 
seated cleft. that a much 

greater part of 
the thallus is permeated by extensive and irregular air passages (fig. 
16), which make it almost as spongy as Ricciocarpus. 

In Fimbriaria the primary splitting usually begins between the 
cells arising from successive segments (fig. 16, '*, where ! lies 
between segments c and d, and * between d and e). Later, and often 
deep in the tissue, secondary splitting gives rise to intercellular spaces 
which may reach the surface or may break into a primary space. 

In Plagiochasma the splitting is likewise more pronounced between 
the offspring of different segments (fig. 17), but the secondary splitting, 
if such it may be 
called, occurs so 
promptly and _be- 
comes so extensive 
as to be hardly dis- 
tinguishable from 
the primary (figs. 78, 
9, =") Tie 


air passages are 





Fic. 16.—Fimbriaria echinella: a, apical cell; b-e, succes- 








Fic. 17.— Plagiochasma sp: a, apical cell; 1-3, 
open almost or quite air chambers. 


uninterruptedly until 
the pore margin is well begun (fig. 20). There is never a wide and 
shallow chamber, over whose increasing area a roof forms, pari passu; 
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but the passages are always deep and narrow, with hardly more than 
the pore margin for a roof (fig. 21). There are many spaces near the 
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Fic. 18.—Plagiochasma sp.: a, apical cell; 1-5, air chambers; 4a secondary 
splitting between primary clefts 4, 5. 


surface which have no direct opening by pore (fig. 22, c). These 
connect doubtless with the spaces that do have pores (fig. 22, 0). 
Whether partitioning of the chambers occurs, as described by LEITGEB, 
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Fic. 19.—Plagiochasma sp.: a, apical cell; 1-4, air chambers; 3a, secondary 
splitting. 


by the outgrowth of cell plates in Plagiochasma and in Ricciocarpus, 
we have not fully determined, though it appears probable; but the 
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formation of the aerating system is mainly due to splitting and 
growth. 

How LEITcEB discounted the evidence of his eyes is well shown 
in the case of Plagiochasma, 
in which he saw and figured 
intercellular spaces,'? as to 
which he remarks:"3 





In P. Aitonia they (the air 
chambers) appear in both longi- 
tudinal and cross-sections very 
commonly in the form of extremely 
small intercellular spaces, like 
those in ordinary parenchyma, 
and one could scarcely dismiss the 
idea that they are formed by cleav- 
age in originally compact tissue, did 
not corresponding relations in other 
species speak against this interpre- 
tation. 

As a matter of fact, corresponding relations in other species do not 
speak against this in 
terpretation, but con- 
firm it. 

Finally we may point 
out that, instead of homol- 
ogizing the formation of 
the air chambers in 
Marchantiales with the 
formation of sex-organ 
pits, which it required 
considerable distortion of 
the facts to do, we have Lid . / 
brought their origin into Fic. 21.— Plagiochasma sp. Pore margin 
line with the much more “™Plete: 





Fic. 20.—Plagiochasma sp. Beginning 
of pore margin. 





12 Untersuchungen iiber der Lebermoose 6: i. I. fig. 4. 


13 Bei PI. Aitonia erscheinen dieselben an Langs- wie Querschnitten sehr hiufig 
in Form 4usserst kleiner Intercellularraume, wie sie im gewdhnlichen Parenchym 
vorkommen und man kénnte die Annahme, sie entstanden durch Spaltungen in urspriing- 
lichem fest gefugtem Gewebe, kaum von der Hand weissen, wenn nicht die entsprech- 
enden Verhiltnisse bei den iibrigen Arten gegen diese Deutung sprechen wiirden.— 
Ll. ¢. p. 64. 
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general phenomenon, the formation of schizogenous intercellular 
spaces. 

Our conclusions may be summarily stated thus: The air chambers 
of Marchantiales arise invariably by the splitting of internal cell 
walls, usually at the junction of the outermost and first internal 


Fic. 22.—Plagiochasma sp.: 0, air chamber opening through pore; c, closed 
chamber. 


layer of cells. Thence, in one type splitting proceeds outwardly 


and inwardly more extensively than laterally, and lateral enlargement 
of the chamber follows by growth; while in the other type expansion 
of the chamber is due to extensive inward splitting accompanied by 
growth. The origin of the air chamber is in all respects like that of 
intercellular spaces in the vascular plants. 


THE UNIVERSITY OF CHICAGO 


Note.—The figures are all drawn to the same scale and appear here 
magnified about 550 diameters. 





THE DEVELOPMENT OF THE SPORANGIUM OF 
LYGODIUM 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY, IOI 
R. BINFORD 
(WITH THIRTY-SEVEN FIGURES) 


In his ‘‘Studies in the morphology of spore-producing members” 
(No. IV), Bower suggests a line of evolution from the Marattiaceae 
to the Polypodiaceae, with the Osmundaceae, Schizaeaceae, Glei- 
cheniaceae, Cyatheaceae, Hymenophyllaceae, and related forms as 
representatives of intermediate types. The Marattiaceae and Poly- 
podiaceae are well-worked groups, but the intermediate forms are 
not so well known. Lygodium, one of the Schizaeaceae, has been 
chosen, therefore, for the present study. 

In his classical work on this family, PRANTL’ considered the 
morphology and the taxonomy of the whole family. His description 
of the sporangium of Lygodium is here verified except in one point, 
which will be mentioned later. The present work calls attention to 
some points that have not been noted in other studies and emphasizes 
some that have been quite neglected. 

The material of the present study came from the Philippine 
Islands and was collected by Dr. H. N. WHiTForD on Mount Mari- 
veles, Province of Bataan, Luzon, and was sent to the University of 
Chicago for demonstration purposes. The species described in the 
paper is L. circinatum; but L. flexuosum was also examined and found 
to be somewhat less variable. 

ARRANGEMENT AND ORDER OF SPORANGIA.—The sporangia are in 
two rows on the ventral surface of the fertile lacinia, and are solitary, 
i. e., there is only one sporangium in a sorus; PRANTL calls this a 
““‘monangial” sorus. The indusium grows out around the spo- 
rangium so as to form a pocket open toward the apex on the ventral side 

t Untersuchungen zur Morphologie der Gefiisskryptogamen. 2. Heft. Die 
Schizaeaceen, morphologisch und systematisch bearbeitet. Leipzig. 1881. 
Botanical Gazette, vol. 44] Jo14 
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of the leaf (figs. 1, 2). ‘Fhe sporangia arise in acropetal succession on 
the margin of the lacinia (fig. 3). The initial cell of the sporangiim 
appears as a marginal cell near the apex of the pinnule; and at first 
it projects obliquely outward and forward. The indusium arises 
from the edge and ventral surface of the pinnule basal to the sporan- 


Fic. 1. Two pinnules bearing sporangia (ventral surface). 13.—Fic. 2. Dor- 
sal surface of a pinnule. X13.—Fic. 3. A longitudinal section of a pinnule showing 
the sporangia.—Fic. 4. A longitudinal section of a pinnule showing the apex and an 
early stage in the development of a sporangium and indusium. 


gium (fig. 4). The growth of the indusium out from the edge of the 
pinnule carries the base of the sporangium out, as shown in fig. 3, so 
that it projects forward or slightly in toward the costa. The part of 
the indusium which arises from the ventral surface grows out and for- 
ward so as to cover the sporangium on the ventral side, but on the 
dorsal side it is exposed for some time (jigs. 5, 6). Later a forward 
growth of lamina incloses the sporangium (fig. 3), and carries its base 
forward so that it projects in a ventral direction. It has thus been 
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shifted from a marginal to a ventral position, and finally stands at 
nearly a right angle to the plane of the lacinia. 

As stated above, the initial cell of the sporangium appears near the 
apex of a fertile portion of the leaf (figs. 7, 8,9). A part of one of the 
segments of the apical cell enlarges and an oblique wall cuts in, either 


Fic. 5. The ventral side of a pinnule showing that the sporangia are soon covered 
by the indusium. X130.—Fic. 6. The dorsal side of a pinnule showing the sporangia 
not covered by the indusium. X190.—Fic. 7. The apex of a pinnule showing an 
initial sporangial cell. X980.—Fic. 8. A longitudinal section of a pinnule showing 
the apical cell and a sporangial initial—Fic. 9. An initial cell, s; and the beginning 
of the indusium, @.—Fic. 10. The first division of the initial cell, the first wall coming 
in on the anterior side. a, initial cell; 1, first cell cut off. X980.—Fic. 11. The first 
division of the initial cell, the first wall coming in on the basal side. X980.—FIc. 12. 
A section showing the first and second cells cut off from the initial cell. x g8o. 


from the front or back, as shown in figs. zo and rz. A second wall 
comes in on the opposite side from the first and at its lower edge sets 
upon the first (fig. 12); the third wall is parallel with the first and sets 
upon the second (figs. 13, 14), showing a dolabrate apical cell. These 


2I use the term proposed by Professor BARNES as an equivalent of the German 
zwei-schneidige, instead of the unfortunate translation ‘ two-sided.” 
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walls are usually at right angles to the plane of the leaf. These 
divisions, which are peculiar ones in the ontogeny of a sporangium, 





MD 


Fic. 13. The third division of the 
initial cell. X980.—Fic. 14. The third 
division completed. X980.—Fic. 15. A 
section showing the cap cell cut off by 
the fourth division.—Fic. 16. A section 
showing the cap cell and a division of a 
wall cell. Xg80.—Fic. 17. A section 
perpendicular to the surface of the leaf 
showing the long axis of the cap cell. 
X 980. 


may be the result of the marginal initial cell. This question 
naturally arises: Is the position of this cell such that the conditions 





which determine the direction of 
walls cannot produce the usual 
tetrahedral form? I know of 
no other fern which has the spo- 
rangia arising on the margin of a 


19 


Fic. 18. A longitudinal section of the stalk of the sporangium showing the stalk 


layer of tissue one cell thick. 








to be very short.—Fic. 19. A cross-section of the stalk. X980.—Fic. 20. A section 
of a sporangium showing the early division walls of the stalk and wall cells. 


I found one instance in which the walls 
were not at right angles to the lamina of the pinnule. 
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The fourth division cuts off the cap cell (figs. 15, 16), which in 
longitudinal section perpendicular to the leaf surface appears as 
an arch over the central cell (fig. 17). This is the longest axis of the 
cap cell. 

THE STALK.—The stalk is short and thick (figs. 18, 19), the first 


Fic. 21. The first division of the central cell. X980.—Fic. 22. The third division 
of the central cell to form the third tapetal cell. X980.—Fic. 23. The young sporan- 
gium after the three tapetal cells have been cut off.—Fic. 24. Anticlinal walls in the 
tapetum.—Fic. 25. The first periclinal division in the tapetum.—Fic. 26. A later 
stage in the development of the tapetum. 


cells cut off from the sporangium initial dividing first by anticlinal and 
then by periclinal walls to supply its cells (figs. 16, 20). Fig. 20 
shows that the adjoining cells also contribute to the stalk. 

THE TAPETUM.—The tapetum is cut off from the three convex sur- 
faces of the central cell (figs. 21, 22, 23); the cells divide by anticlinal 
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(fig. 24) and then by periclinal walls (figs. 25, 26), making a many- 
celled tapetum of two layers (fig. 27). It is not always definitely two 





layered, as shown in figs. 28 and 29. 

When the sporogenous tissue has 
reached the mother-cell stage, or 
somewhat before, the inner layer 
of tapetal cells becomes greatly 
enlarged (fig. 29), while the wall of 
the sporangium rapidly increases in 
size. Many of the cells of the 
tapetum become binucleate during 
this period and the nuclei are to- 
gether in the end next to the spo- 
rogenous cells. Finally the inner 
layer of the tapetum is disorganized 
and the cvtoplasm flows in around 
the spore mother cells (fig. 30). 





Fic. 27. A section of the sporangium showing the sporogenous mass and the 
two-layered tapetum. X 480.—Fic. 28.J{A section of the sporangium showing a doub- 
ling of the inner tapetal layer. X480.—FIG. 29. A section showing a further develop- 
ment of the inner tapetal layer and the beginning of the annulus, 7, r. X480.— 
Fic. 30. The spore mother cell stage of the sporangium and the breaking down 


of the tapetum. X 480. 


This development of the tapetum seems to be related to a rather 
large sporogenous mass where nutrition is difficult. The order of 


events is as follows: first a comparatively small amount of growth 
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in the sporogenous mass up to the mother-cell stage, and then a 
large growth of the sporangium wall. When the spore mother cells 
have rounded off and the tapetum has entered in between them, con- 
ditions are good for the growth of these cells and the spores, which 
then grow rapidly. Thus we have an alternating growth between 
the sporangium wall and the spores, which relieves the nutritive 
strain. 


THE WALL.—The outer wall of the sporangium is formed mostly 
from the cap cell (figs. 31, 32). The first wall formed in the cap cell 


Fic. 31. A section showing the cells derived from the 
cap cell arched over the sforangium from c to c. X980.— 
Fic. 32. A section of a sporangium somewhat older than 
the one shown in fig. 31. X980.—Fic. 33. A section of a 
sporangium, cut parallel with the surface of the leaf, showing 
the first division of the cap cell. X80. 


is said by Prantt to be parallel with the leaf surface, but I find 
that its position varies. Fig. 33 is from a section cut parallel with the 
leaf surface and it is here seen that the first wall is perpendicular to 
plane of the lamina. 

The annulus appears as a circle of cells, one to three cells wide, 
on the costal side of the sporangium (figs. 29, 30). These cells become 
much elongated in the direction of their axes, which are parallel with 
the sporangium wall and with the cell walls which separate them one 
from the other. This development gives the sporangium a beaked 
appearance. The ring is widest on the upper side, where the thick- 
walled cells of the annulus extend out along the sides of the stomium, 
which is perpendicular to the annulus and in the median plane of the 
sporangium. On the upper side the ring is three cells wide; on 
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the under side it is only one cell wide. In this species the length of 
the annulus cells varies somewhat, so that the line which is the border 
of the ring is rather irregular. 

The number of wall cells included within the annulus at the apical 
end is twelve to seventeen. 

THE SPOROGENOUS MASS.—The first division wall of the arche- 
sporium is usually perpendicular to the longest axis of the central 
cell (fig. 31), which is at first perpendicular to the leaf surface. Other 
divisions are quite irregular, but some appear curved and parallel 
with the first walls of the initial sporangial cell (jig. 28). The out- 
line of the sporogenous mass becomes very irregular (figs. 27, 28, 29), 
and the tapetal cells thus dip down into it; this makes possible a 
better nourishment of the sporogenous mass. 

The sporogenous mass is rather large and made up of large cells; 
I have counted as many as seventy-two mother cells, but sixty-four 
seems to be the usual number. The number of spores per sporangium 
is 242 to 258 by actual count. Some of the mother cells become 
sterilized and function as nutritive cells (fig. 34). The mother cells 
and newly formed tetrads occupy but a small portion of the cavity of 
the sporangium (jig. 30). After the spores are formed there is a great 
increase in their size, so that they finally fill the large sporangium. 
The average diameter of the spore mother cell, newly formed tetrad, 
and mature spore are respectively 0.025™™, c.028™™, and 0.075™™. 
Occasionally a dwarf spore is found. 

STERILE SPORANGIA.—The growth of the spores is apparently a 
great drain upon the pinnae, so great that the young sporangia at the 
apex are drawn upon for nutriment, and the sporogenous mass in 
these sporangia is arrested in its development. They contain no cells 
which take the stain in the manner characteristic of sporogenous 
tissue; but the cytoplasm takes on a very loose fibrillar structure and 
there is little material-in the cell that stains at all. The outer layer 
of the tapetum, which usually remains a thin layer of tabular cells, 
takes on a very great development, the cells bulging into the cavity of 
the sporangium like great haustoria; figs. 35, 36, and 37 show various 
stages in this development. The cells of the wall at this time become 
filled with food material and stain densely. 

RELATIONSHIPS.—In the evolutionary line from Marattiaceae to 
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Polypodiaceae, suggested by BowER, there is a progress from coher- 
ent to separate sporangia; from sporangia of definite orientation to 
those indefinitely oriented; from imbedded to long slender-stalked 
sporangia; from tapetum indefinite and derived from the tissue sur- 


Fic. 34. A section through the sporogenous mass showing some of the cells break- 
ing down. X980.—Fic. 35. A sporangium near the apex of the pinnule; the spo- 
rangium is beginning to break down and will not produce spores. X980.—FIG. 36. 
Another stage in the degeneration of a sporangium near the apex of a pinnule. X 480. 


—Fic. 37. Still another stage in the degeneration of a sporangium near the apex of 
a pinnule. X 480 


rounding the sporogenous mass to a definite tapetum cut off from the 
central cell; from no annulus to annulus apical, oblique, and finally 
vertical; and from indefinite massive sporogenous tissue, not all fertile, 
but producing many spores, to a small definite sporogenous mass all 
fertile and producing few spores. In all of these particulars Lygodium 


falls short of the highest polypod type; in all of them also it is above 
the highest marattiaceous type. 
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The orientation of the sporangia is definite; this is a character- 
istic of the lower members of the series. The stalk is shorter and 
more massive than any other form above Kaulfussia. The tapetum 
is derived from the central cell, as in all the leptosporangiate forms; 
but the peculiar enlargement of the cells of the inner layer is more 
-characteristic of the lower members of the group. The position of the 
annulus is the one postulated for the lower leptosporangiate ferns. 
The large irregular sporogenous mass in which there are occasionally 
sterile cells, and the large number of spores are also characteristic of 
the lower leptosporangiate ferns. 

The family to which Lygodium belongs has some characteristics 
which cannot be considered as intermediate in this line of evolution, 
but belong to this family only. The marginal initial cell of the 
sporangium, whose early divisions are of the dolabrate type, is not 
reported for any other ferns. The single sporangium in each sorus, 
the large sporangium and spores, and the indusium, which in cross- 
section shows the tissue regions of the foliage leaf, are characteristics 
which in nature or degree of development belong only to this special 
group of ferns. 

In connection with the monangial sorus, BowER: has called atten- 
tion to the fact that often Gleichenia has only one sporangium in a 
sorus near the apex of the sporophyll. A comparison made by ZEIL- 
LER* and emphasized by BowER (loc. cit., p. 43) brings out a close 
connection between the fossil form Senftenbergia and the Schizaea- 
ceae, and also connects Senftenbergia with the Osmundaceae by 
means of the fossil form Kidstonia. Senftenbergia is found in lower 
horizons than most of the marattiaceous ferns, and is the most ancient 

fern whose sori are well known; these sori are monangial. 

Osmundaceae, Kidstonia, Senftenbergia, and Schizaeaceae form a 
series in the development of the annulus, and, as BOWER (Joc. cit.) has 

pointed out, the position of the annulus in Gleichenia corresponds in 
some points to that in the Schizaeaceae. 

But after all these comparisons are made, the peculiarities men- 
tioned above are so striking and apparently so well established, and 


3 Studies in the morphology of spore-producing members. IV. . Phil. Trans. 
Roy. Soc. London B. 192:33. : 





4 Bull. Soc. Bot. France 44:95. ——. 
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the relations of Lygodium so ancient, that we can hardly consider it to 
be very close to the evolutionary line that leads to the Polypodiaceae. 
It seems rather to have appeared very early in the evolution of lepto- 
sporangiate ferns and to have progressed in a line somewhat divergent 
from the main line leading to the polypods. 


This work was done under the supervision of Professors JoHN M. 
CouLTER and CHARLES J. CHAMBERLAIN. 


GuILForD COLLEGE, N. C. 
























































BRIEFER ARTICLES 


NAMES OF NORTH AMERICAN TREES 


The following changes in the names of North American trees as pub- 
lished in the Silva of North America and in the Manual of the trees of 
North America are made necessary in following the rules of botanical 
nomenclature adopted by the Vienna Congress of 1905. 

Magnolia foetida Sarg. =M. GRANDIFLORA L. 

Fremontodendron Californicum Cov.=FREMONTIA CALIFORNICA Torr. 
(Silva 14:97). 

Aesculus glabra var. Buckleyi Sarg. =AE. GLABRA var. ARGUTA Robs. 
(Silva 14:97). 

Rhus hirta Sudw.=R. TyPHIna L. (Silva 14:99). 

Ichthyomethia P. Br. being one of the genera excluded by the Congress 
without regard to its priority, J. pisifera A. S. Hitch.=Piscrp1a PiscrpuLa 
Sarg. (Garden and Forest 4:436). 

Prunus integrifolia Sarg. (Man. 531) must be retained if this tree is 
considered specifically distinct from P. tlicifolia Walp.; but if it is con- 
sidered a variety of that species it becomes var. OCCIDENTALIS Brandegee, 
and the variety integrifolia Sudw. disappears except as a synonym. 

Pyrus rivularis Doug. ex Hook.=Matus Fusca (Rafin.) C. K. Schn. 

Amelanchier Canadensis var. s picata Sarg. =A. CANADENSIS var. ROTUN- 
DIFOLIA Torr. and Gray. A. obovata Ashe (Man. 61)= A. INTERMEDIA 
Spach. 

Chytraculia P. Br. being one of the excluded genera, C. Chytraculia 
Sarg. (Man. 629) =CALYPTRANTHES CHYTRACULIA Sw., as published in 
the Silva (5:36). 

Icacorea Aubl. being one of the excluded genera, J. paniculata Sudw. = 
ARDISIA PICKERINGIA Nutt. 

Morodendron Britt. =Ha esta L.; M. Carolinum Britt.= H. Caro- 
LINA L.; and M. dipterum Britt.=H. DipTeRA Ell. 

Catalpa Catalpa Karst.=C. BIGNONIOIDES Walt.; C. speciosa Engelm. 
must, be written C. SPECIOSA Warder ex Engelm. 

Sassafras Sassafras Karst.=S. VARUFOLIUM (Salisb.) Otto Kuntze. 

Ulmus Thomasi Sarg. (Silva 14:102) =U. RACEMOSA Thomas. 

Toxylon Raf. being one of the excluded genera, T. pomiferum Raf.= 
MACLURA POMIFERA C. K. Schn. 
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Hicoria being one of the excluded genera, H. Pecan Britt. =CARYA 
Pecan C. K. Schn.; H. Texana Le Conte=C. TEXANA C. K. Schn.; H. 
minima Britt. =C. corpiFoLiA C. K. Schn.; H. myristiciformis Britt.= 
C. MyRISTICIFORMIS Nutt.; H. aquatica Britt. =C. aquatica Nutt.; H. 
ovata Britt. =C. ovata C. K. Schn.; H. Carolinae-septentrionalis Ashe = 
C. CAROLINAE-SEPTENTRIONALIS C. K. Schn.; H. laciniosa Sarg.=C. 
LACINIOSA C. K. Schn.; H. alba Britt.=C. atBa K. Koch; H. glabra 
Britt. =C. GLABRA C. K. Schn.; H. villosa Ashe=C. vILiosa C. K. Schn. 

Quercus minor Sarg.=Q. STELLATA Wang.; Q. acuminata Sarg.= 
Q. MUEHLENBERGII Engelm.; Q. platanoides Sudw.=Q. BICOLOR Michx.; 
Q. breviloba Sarg. =Q. Duranpu Buckl.; Q. Californica Cooper=Q. 
KetLocci Newb.; Q. digitata Sudw.=Q. CUNEATA Wang.; Q. nana 
Sarg. =Q. ILIcIFOLIA Wang.; Q. brevijolia Sarg.=Q. CINEREA Michx. 

Fagus Americana Sweet =F AGUS FERRUGINEA Ait. (1789), but an older 
name, FAGUS GRANDIFOLIA Ehrh. (1788), should be adopted. 

Alnus Oregona Nutt. =A. RUBRA Bong. 

Yucca arborescens Trel.=Y. BREVIFOLIA Engelm.; Y. radiosa Trel.=Y. 
ELATA Engelm. 

Tumion being one of the excluded genera, T. taxifolium Greene= 
TORREYA TAXIFOLIA Arn.; JT. Californicum Greene=TORREYA CALI- 
FORNICA Torr. 

Sequoia Wellingtonia “Seem. =SEQUOIA GIGANTEA Dec. 

Pinus quadrifolia Sudw.=P. PARRYANA Engelm.; P. attenuata Lem- 
mon=P. TUBERCULATA Gord.; P. divaricata Du Mont de Courset=P. 
BANKSIANA Lamb. : 

Larix Americana Michx.=L. LARIcINA K. Koch. 

Picea rubens Sarg.=P. RUBRA Dietr.; P. Parryana Sarg.=P. MEN- 
ziESII Engelm. (not Carr.). 

Pseudotsuga mucronata Sudw.=P. TAXIFOLIA Britt. 

The fact that Zygia and Bucida, two of Patrick Browne’s genera, have 
been omitted from the excluded list of genera shows how a list of this sort, 
prepared by a few men largely by personal preference and without regard 
to priority of publication, can become unsatisfactory in practice. Zygia is 
the oldest name for the genus usually called Pithecolobium Mart., and 
Bucida is the oldest name for the more familiar Terminalia L. They are 
in the same case as Ichthyomethia, Chytraculia, and other genera of Pat- 
rick Browne which are excluded. Moreover, the retention of Zygia is com- 
plicated by the fact that the name has been used for an African genus 
different from Pithecolobium, and that it is now generally recognized as 
the name for a section in the genus Albizzia Durazz. 
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On the whole the few changes in the names of North American trees 
necessitated by the adoption of the Vienna code are not greatly to be 
regretted. The substitution of Carya for the now generally accepted and 
excellent name of Hicoria for the hickories is unfortunate, although it 
cannot lead to much confusion. More serious is the change in the name 
of the Rocky Mountain spruce, now known and cultivated in all northern 
countries as Picea pungens Engelm. (P. Parryana Sarg. of the Silva). 
The name of this tree must now become P. Menziesii Engelm. (not Carr.), 
although this unfortunately is the name by which P. Sitchensis Carr. of the 
northwest coast, was long known, and is still cultivated in many European 
countries, especially in Great Britain, where it is a favorite ornamental 
tree.—C. S. SARGENT, Arnold Arboretum. 


A REMARKABLE CASE OF POLYSPERMY IN FERNS 
(WITH ONE FIGURE) 


While studying the embryology of ferns during the past year in Indiana 
University, some prothallia of Onoclea struthiopleris were supplied me 
which had been preserved ten hours after the f 
introduction of spermatozoids. From one of 
these prothallia especially good preparations 
were obtained, showing various stages in the de- 
velopment of archegonia up to normal fecunda- 
tion. Two cases of polyspermy also were found, 
of which the most remarkable one is shown in 





the accompanying figure. No less than seven 
spermatozoids were counted, entirely within the 
nuclear membrane and occupying the central . ; 

Ruietrs: iat ing seven sperms (four 
part of the nucleus. Nothing in the appear- entire and sections of the 
ance of the egg, either in the cytoplasm or other three) entirely within 
nucleus, indicated an abnormal condition of the egg nucleus and three 
the egg or egg nucleus. The chromatin net- ‘Perms in the concavity 

‘ above the egg cell. 

work was broken up and irregularly massed, 

but it could hardly have been otherwise after the entrance of so many 
spermatozoids. Four of the spermatozoids, as shown in the figure, were 
obtained entire in one section, three others being cut in two and lying 
in the neighboring sections. Three spermatozoids, which did not suc- 
ceed in entering the egg, lie in the concavity just above it—WILLIAM L. 
Woopsurn, Indiana University. 


Section of egg cell of 
Onoclea struthiopteris, show- 











CURRENT LITERATURE 


BOOK REVIEWS 
Two ecological monographs 


Climatic adaptations.—Supported by a grant from the Royal Prussian Acad- 
emy of Sciences in Berlin, Dr. CARL HOLTERMANN was able to spend some time 
at the botanical gardens in Peradeniya and Buitenzorg, where he carried on in- 
vestigations upon the anatomy and physiology of tropical plants, returning to 
Berlin with a very rich collection of alcoholic material, only part of which has 
yet been investigated. The first fruits of these investigations form a bulky volume 
(which might easily have been made less imposing and more convenient) upon 
the influence of climate on the structure of plants.? 

The work is dedicated to SCHWENDENER (in honor of the fiftieth anniversary 
of his doctorate), and the author naturally looks upon plants from the same 
view-point as the Meister—‘‘dass im inneren Bau der Pflanzen eine weitgehende 
Zweckmissigkeit herrscht, dass Bau und Funktion bis in die kleinsten Einzel- 
heiten in Harmonie stehen.”’ 

In the first section, on the transpiration of tropical plants, HOLTERMANN 
shows that both HABERLANDT and GitTay are right in certain points. The 
daily maximum value of transpiration is very different in different regions; in 
all there are certain periods, lasting from four or five hours to one or two days, 
in which transpiration is so extremely vigorous that the plants suffer for lack of 
water. As compared with European countries, the total transpiration in 24 hours 
is less; in the middle of the day, however, it is often decidedly greater in the 
moist tropics, values being obtained which are not reached even in the hottest 
days in Berlin; yet these maxima usually last only a few hours. In rainy weather, 
for days together transpiration ceases entirely. This, as HOLTERMANN points 
out, is not surprising to pupils of SCHWENDENER, who for more than a generation 
has treated transpiration in his lectures as a necessary physical process, which 
indeed induces physiological consequences, but is no indispensable function. 
The wonderful vegetation of those regions where the rains for months at a time 
are continuous, or are at most only replaced by a dense fog, speaks strongly against 
the prevalent view of evaporation as a function; and so do HoLTERMANN’s experi- 
ments with Impatiens, which grows well in saturated air. 

The second section, on tropical vegetation zones, is devoted to showing how 
the members of the various plant societies show like anatomical adaptations to 


t HOLTERMANN, CARL., Der Einfluss des Klimas auf den Bau der Pflanzengewebe. 
Anatomisch-physiologische Untersuchungen in den Tropen. Imp. 8vo. pp. viii+247. 
figs. 7. pls. 16. Leipzig: Wilhelm Engelmann. 1907. M 12. 
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the climate. He directs attention especially to the water-storing tissue, which he 
declares to be no xerophytic character (i. e., one that serves as an adaptation to a 
long dry period), but to have its relation to the transpiration of plants that have 
only to endure short dry periods. This tissue is almost confined to leaves of tropi- 
cal and subtropical ‘regions, where by the frequent rains and by the dews, which 
are heavy even in the dry periods, it can daily be refilled, quite independently of 
the roots. This refilling HoLTERMANN claims to have established experimentally; 
but the report is not convincing, particularly as this process is alleged to take 
place through the epidermis. If water can come in so, it can go out so; and the 
plant would be the gainer only when the period of evaporation was shorter than 
the period of absorption. 

The third section discusses the leaf fall in the tropics. This, HoLTERMANN 
holds, is dependent on internal conditions which become active under the influence 


of climatic factors. Leaves which fall off at the beginning of a dry period are not ° 


built to withstand drought; and even if the fall be delayed by favorable conditions, 
it is only delayed, abscission having become a hereditary peculiarity. 

The formation of growth zones is the fourth topic. The author undertakes 
to show that the formation of zones in secondary wood is incited by climatic 
factors, acting upon an inherent capacity for differentiation, which, arising origi- 
nally by direct adaptation, has become heritably fixed. Just how these external 
factors act, he thinks, will always remain’a problem. 

The last section, on direct adaptation, deals with water-storing tissue, gutter- 
pointed and emarginate leaves, dwarfing, etc., as “caused” by definite external 
conditions. Such new characters, called out at first by the release of latent powers, 
may become fixed and heritable, just as leaf fall and growth rings, or under other 
conditions may again disappear. 

The book is full of interesting observations, which are unfortunately not easily 
accessible for lack of an index.—C. R. B. 


Ecology of West Australia.—The series of monographs on plant geography? 
has received a notable addition in the seventh volume, dealing with the flora of 
southwestern Australia,3 by Dr. Diets. | His thorough knowledge of the herbarium 
material from this and similar regions, and his wide acquaintance with plant 
distribution made him able to plan and execute in the most profitable way the 
journey which he undertook in 1900-1902, in company with Dr. PritzEr, with the 
support of the Humboldt fund of the Royal Prussian Academy of Sciences. 

The systematic results have already appeared, in collaboration with PritzEr, 
in ENGLER’s Botanische Jahrbiicher. In this volume we have first, by way of 

2 ENGLER, A., und Drupg, O., Die Vegetation der Erde. Sammlung pflanzen- 
geographische Monographien. Leipzig: Wilhelm Engelmann. 1896—. 

3 Diets, L., Die Pflanzenwelt von West Australien sudlich des Wendekreises. 
Imp. 8vo. pp. xii+ 413. I map, figs. 82, pls. 34. Leipzig: Wilhelm Engelmann. 1906. 
M 36, geb. 37.50 (subs. price M 24, bound 25.50). 
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introduction, the outlines of plant distribution in the whole continent; then the 
history of botanical exploration in extratropical West Australia; the physical 
geography of this region; an ecological study of the vegetation of the southwest 
province, lying near the coast, and that of the Eremaea province, which fills the 
rest and extends far beyond the bounds of West Australia; and finally a discussion 
of the floristic regions, the elements of the flora, its relations to others, and its 
developmental history. 

It is quite impossible to summarize this work, or to do more than direct atten- 
tion toitas athorough and careful report of the present state of knowledge regarding 
this bit of that great continent. For only a beginning has been made around the 
edges; and only a realization of the fact that in the interior there are great stretches 
that probably present a nearly uniform vegetation, prevents one feeling unduly 
the meagerness of the present knowledge, even with this great addition. 

Diets finds that in this geologically little disturbed southwestern region there 
has been the quiet development of a flora quite at one originally with that in the 
east, though the two are now widely separated by the Eremaea province, and the 
eastern flora has been disturbed by competition with other elements. In the spe- 
cially favorable conditions of the southwest, however, development along lines of 
progressive endemism has brought many genera to remarkable expansion and 
high differentiation. | Drets rejects as an error the idea of many authors (notably 
WALLACE) that the West Australian flora represents the original one, which spread 
east; he considers it rather as an old panaustralian one, further specialized. The 
Eremaea flora prevails insa climate which could not have corresponded to the 
conditions of the old Australian flora; it is rather a selection from the primitive 
flora adapted to the gradual drying and enriched from the tropical north. Finally, 
there has come the disturbing influence of man. Even the aborigines set fire to 
the “‘bush,” and the Europeans, in the seven decades of their occupation, have 
wrought still greater changes. 

The illustrations are numerous. Part are half-tones, from photographs by 
PFITzER; part are detailed drawings, after the style of the Pflanzenjamilien, of 
the characteristic species. A topical index and one to plant names (not as con- 
venient as a single one) makes the matter readily available.—C. R. B. 


Plant geography 


In spite of our tardiness in reviewing it, we cannot forbear calling attention 
to the brief discussion of certain central topics of plant geography by Count 
Sorms-LauBacH.* The book has grown out of lectures, given twice in the course 


4 Sotms-LauBAcH, H. Grar zu, Die leitende Gesichtspunkt einer allgemeinen 
Pflanzengeographie in kurzer Darstellung. 8vo. pp. x+243. Leipzig: Arthur 
Felix. 1905. M 8. 

This work was received at the close of 1905 and was sent at once to a competent 
reviewer, but was overlooked and recently returned at the editors’ request. 
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of twelve years at the University of Strassburg, and was prepared for the press at 
the solicitation of friends. 

The author enters a disclaimer as to any originality except in the selection of 
the material and its presentation. His purpose is quite other than that of GrisE- 
BACH, DRUDE, and SCHIMPER, who have sought to present the facts of plant dis- 
tribution in a comprehensive way. Soitms-LAvuBACH discusses several large topics, 
whose enumeration sufficiently indicates the scope of his work: species and their 
alteration in time; the habitat; the occupation of habitats by species; the dis- 
turbance of the equilibrium of distribution by external causes; island floras. In 
discussing these topics he cites illustrative examples, but omits pictures and lists 
of vegetation. A historical introduction and a brief recapitulation of the most 
general principles of geographic distribution form a suitable preface to the special 
topics. 

Under the topic “‘the species” we find a discussion of the origin both of the 
concept and the corresponding plant groups, in which the concepts of LINNAEUS 
and JORDAN and the theories of LAMARCK, DARWIN, NAGELI, and DEVRIEs are 
set forth. The topic ‘‘habitat” includes a discussion of the relations of external 
factors to plant form—‘‘adaptations” in the broadest sense. The means and 
methods of distribution, which make it possible for plants to occupy a habitat, are 
described briefly. Alterations in the habitat by invasion of plants, and especially 
secular alterations of climate, such as that involved in the last glacial period, with 
the consequent migrations, are discussed at some length. The insular floras, as 
conditioned by the hindrances to plant distribution, are characterized briefly. 

As a book for reading in connection with the more systematic works, these 
lectures will be found serviceable as well as interesting.—C. R. B. 


MINOR NOTICES 


Contributions from the Gray Herbarium.—The current number of this seriess 
contains four parts: I. ‘‘ New species of Senecio and Schoenocaulon from Mexico,” 
by J. M. GREENMAN, 3 new species of the former genus and 2 of the latter being 
described. II. ‘‘New or otherwise noteworthy spermatophytes, chiefly from 
Mexico,” by B. L. RoBINSON, new species being described under Tigridia, Schoep- 
fia, Mimosa, Pedilanthus, Bonplandia, Brittonastrum (3), Russelia, Stemodia, 
Piqueria, Stevia (2), Eupatorium (10), Brickellia, Guardiola, Zinnia, Perymen- 
ium, Coreopsis, Tridax, Pericome, Tagetes, Cacalia (3), Perezia (2); and two 
new genera of Compositae, Cymophora (Helianthieae) and Loxothysanus (Helen- 
ieae). III. “New plants from Guatemala and Mexico, collected chiefly by 
C. C. Dea,” by B. L. Roprnson and H. H. BARTLETT, new species being de- 
scribed under Polypodium, Paspalum, Fuirena, Myriocarpa, Polygonum, Ruprech- 
tia, Aeschynomene, Mimosa, Tetrapteris, Euphorbia, Acalypha, Clusia, Rinorea, 


5 Contributions from the Gray Herbarium of Harvard University, N.S. 34. Proc. 
Amer. Acad. 43:19-68. 1907. 
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Hybanthus, Ipomoea, Cordia, Russelia, Tetramerium, Isertia, Liabum (2). 
IV. “Diagnoses of new spermatophytes from Mexico,” by M. L. FERNALD, new 
species being described under Carex, Alnus (2), Heliotropium, Salvia (9), Castil- 
leja, Ruellia.—J. M. C. 

Bicentennary of Linné.—In connection with the Linne: 1 celebration at the 
University of Upsala, a series of eight publications has been issued. In general 
the volumes contain reprints of some of the most interesting minor papers of 
Linné, which thus become accessible to a far greater number of readers. For 
example, the “Invitation du recteur pour assister aux fétes” is a paper of 107 
pages, consisting chiefly of a reprint of Linné’s ‘‘Cultur der Pflanzen.”” The 
announcements in reference to the conferring of doctor’s degrees in philosophy, 
medicine, law, and theology are four volumes of reprints. There is also a special 
publication, ‘‘Linné och Vaxtodlingen,” edited by Swederus. The first (pp. 341) 
of four volumes containing the correspondence of Linné is also included. The 
most elaborate member of the series is the “‘ Linnéportratt,’”’ prefaced by a colored 
portrait of Linné, and containing reproductions of numerous other portraits, 
busts, medals, etc., as well as a description of the 515 portraits (paintings, medals, 
etc.) in the collection of the University. The University of Upsala has certainly 
spared no labor and expense in doing honor to her illustrious professor.—J. M. C. 


Genera Siphonogamarum.—The tenth fascicle of DALLA TorrE and HArms’s® 
list of the genera of seed-plants continues the general alphabetical list of names, 
the last entry being Macrocarpium.—J. M. C. 


NOTES FOR STUDENTS 


Fungi in termite nests.—PETCH gives an account of the fungi found in certain 
termite nests in Ceylon, which grow from the combs found in the chambers. The 
fungus flora of the combs in their normal state seems to be limited to few species 
which occur almost pure. The only form on the normal comb is a hyphomycete 
which was not determined, but from the descriptions seems to be like Sterigmato- 
cystis. This fungus seems to be endemic in the nests, according to the author 
not being found outside them. 

When the combs grow old they give rise to two forms of agarics, which, however, 
the author regards as one species. Both have been described under several 
names from material sent to Europe. These agarics arise from combs at a con- 
siderable depth below the surface, so that their rootlike stalks attain an average 
length of 30°". The lower part of the stalk is black, while the upper portion is 
white. The first form is marked by the absence of an annulus and by the peculiar 
fact that only a single plant develops from each comb. Although a large number 
start, only one pushes its way to the surface of the ground. All the other rudiments 
fail entirely to develop, so that it is not possible to find specimens which have 


6 DALLA TorrE, C. G. DE, and Harms, H., Genera Siphonogamarum ad systema 
Englerianum conscripta. Fasc. 10. pp. 721-800. Leipzig: Wilhelm Engelmann. 
1907. M 6. 
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pushed part way through the earth. The second form differs from the first in the 
possession of an annulus and also in its habit. Several plants of this may arise 
from the one comb, while at the same time many immature specimens capable of 
further growth may be present in the comb. The author regards the presence 
or absence of the annulus as an accidental character due to the conditions of 
growth; and, since the forms are identical in every other respect, he considers 
them to belong to a single species which he calls Volvaria eurhiza, reducing the 
other names to synonyms. Whatever may be said of the identity of the two forms, 
this disposition is entirely erroneous, for Volvaria has a free valve at the base of 
the stem, but possesses no annulus. These forms, judging from the descriptions 
and figures, have no free valve; but one has an annulus while the other has not. 
They will probably find a place in Pluteus or Annularia. 

Beside the fungi described, a third form seems to be quite universally present 
in the fresh termite comb, although this form, which is determined as Xylaria 
nigripes, does not appear in the nests. If, however, the combs are removed and 
kept under bell-jars, the Xylarias always appear, forming first a conidial stroma, 
which is followed by the development of perithecia. The author believes that 
the Xylarias do not appear in the nests merely because they are eaten off by the 
termites as soon as they appear. Other forms of fungi growing on the combs when 
placed in a moist chamber are probably accidental saprophytes. 

All of the forms described are eaten by the termites. When an inhabited 
comb is inclosed under a bell-jar the termites eat off the heads of the hyphomycete 
and also the Xylaria as it develops. They also eat the stalks of the agarics, follow- 
ing them to-the surface of the ground. It is probable, therefore, that the fungi 
of the termite nests form food for the inhabitants, as do the “fungus gardens” 
for the leaf-cutting ants. It is difficult to prove this definitely by experiment, 
for in the absence of other foods the termites will eat many substances which do 
not ordinarily form part of their ration—H. HASSELBRING. 


Sperms of Cycas.—SuHIBATA and MryAke’ have been experimenting with 
sperms of Cycas. Material was sent from southern Japan to Tokyo late in Septem- 
ber and early in October, at which time the pollen tubes are discharging their 
sperms. Experiments with various solutions showed that the sperms either lack 
chemotactic irritability, or chemotaxis can take place only under some unknown 
external conditions. If chemotactic irritability has been lost, fertilization must 
be accomplished by mechanical means. It is interesting to note that the con- 
tents of the archegonium, while they seem to exert no influence upon Cycas 
sperms, nevertheless attract those of some pteridophytes—CHARLES J. 
CHAMBERLAIN. 

Correns® has tested the influence of external factors on the sex-condition 


7 SHIBATA, K., and MryAKE, K., Some observations on the physiology of Cycas 
spermatozoids. Botanical Magazine 21:45-48. 1907. 

8 CorrENS, C., Zur Kenntnis der Geschlechtsformen polygamer Bliitenpflanzen 
und ihrer Beeinflussbarkeit. Jahrb. Wiss. Bot. 44:124-173. figs. 4. 1907. 
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of gynodioecious plants. His studies in the inheritance of these plants had led 
him to believe that some plants which he had classed as pistillate were really 
bisporangiate, and he now finds support for this conclusion in the fact that lessened 
nutrition (using the term in its widest sense) decreases the development of the 
stamens, and, in the cases more nearly approaching starva’ on, suppresses them. 
Gynomonoecious individuals give evidence for the same fact in that the bisporan- 
giate flowers occupy the most advantageous places in the inflorescence, and appear 
in the greatest proportion at the height of the flowering season, the earlier and 
especially the later flowers being largely or entirely monosporangiate. The truly 
pistillate plants cannot be made to produce bisporangiate flowers through increased 
nourishment. This is held to support the author’s view that the pistillate form 
in gynodioecious species and the staminate form in androdioecious species are 
fundamentally distinct and have arisen from the original bisporangiate forms by 
mutation, and that they are not to be accounted for as the gradual accumulations 
of minor advantageous fluctuations, nor as due in any way to ordinary physiologi- 
cal response. There is some indication of the presence of distinct ‘“‘lines” in 
Satureia hortensis, in JOHANNSEN’S sense. CORRENS adheres strictly to the view 
that nothing heritable can originate except through mutation, holding with 
NAGEL! and others that the essence of mutation lies not in the size of the step but 
in its heritability—G. H. SHULL. 


Halophytism.—From his study of the flora of the sea coast at Cagliari, Casv® 
found three features which appeared to depend upon the presence of marine salts 
in the soil: (1) the sporadic distribution of the plants and their general dwarfing; 
(2) the prevalence of herbaceous over woody plants in number and extension of 
species; (3) the prevalent ubiquity of certain species in contact with saline solutions. 
In order to elucidate these points, he has made a special physico-chemical study 
of the soil of the beach and shore at the surface and at various depths, both when 
seeds were just germinating and when plants were growing, and has compared 
the chemical composition of the plant and the soil. After summarizing the very 
contradictory statements made by other observers, which are due, he thinks, to 
the imperfect and artificial conditions used by most experimenters, he attempted 
to study the physiological resistance of plants to sea salts under natural conditions. 
His results agree in showing that the phenomena named above are quite independ- 
ent of the toxic or the nutritive value of the salts and are rather a multiform effect 
of more general conditions. Thus, by way of summary he says: the presence 
of germinating plants at the time of the reactivation of vegetation depends on the 
presence of organic residues at the surface of the soil and on its hardness; the 
true factor of distribution of the species is the physico-chemical structure of the 
soil; the prevalence of herbs and dwarfing are due to impoverishment of the soil; 
neither the percentage of salts in contact with the roots nor that of any single salt 


9 Casu, A., Contribuzione allo studio della flora delle saline di Cagliari. Parte III. 
Resistenza fisiologica della flora delle saline all’ azione del sale marino. Annali di 
Botanica 5:273-354. 1907. 
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has any relation to the luxuriant or to the meager development of the plants; 
so the problem remains unsolved why certain species live exclusively on the salt 
beach in contact with salts. If it is solvable, CAsu says the clue must doubtless 
be sought in a profound and accurate study of the histological structure of the 
halophyte itself. ‘To us that sounds hopeless.—C. R. B. 


Polymorphism of Hymenomycetes.—LyMANn'° has made culture studies of 
certain Hymenomycetes, giving especial attention to woody and incrusting species, 
the primary object of the research being to obtain further knowledge of polymor- 
phism in the group. The summarized results contain the following facts. The 
basidiospores of about 75 species of Polyporaceae, Hydnaceae, and Thelephoraceae 
were germinated and grown in pure cultures, and about 4o per cent. of them 
were found to possess some secondary method of reproduction, usually mycelial 
oidia or chlamydospores. Oidia were not found among the Thelephoraceae and 
Hydnaceae, but were produced by one-half of the species of Polyporaceae studied. 
Chlamydospores have been known in a few agarics and in a considerable number 
of Polyporaceae, but, aside from certain doubtful cases, were not known among the 
lower Hymenomycetes. The author found them much more common, especially 
upon the mycelium, than was known previously, finding them in over one-fourth 
of the species cultivated. Conidia or other rather highly specialized secondary 
methods of reproduction were found in seven species, all belonging to Thele- 
phoraceae except Lentodium. The general conclusions are that a considerable 
majority of Hymenomycetes possess no secondary spores; that oidia are common 
among the Agaricaceae and Polyporaceae, and are confined to these two families; 
that chlamydospores occasionally occur in connection with the basidio-fructifica- 
tion, and are quite widely distributed on the mycelia of all families; and that 
conidia and other highly specialized secondary methods of reproduction are rare, 
occurring more frequently in the Thelephoraceae than in the higher families.— 
}. Me, 


Precipitin and relationship.—The precipitin reaction discovered by Kraus 
and more fully marked out by TscuistowitscH and BorDET, and others, has 
been used by MAGNus and FRIEDENTHAL"! in an attempt to show experimentally 
the relationship of plants. The experiments were conducted as follows. Extracts 
containing albuminous substances were prepared from yeast, Tuber, and Agaricus, 
by the method used by BUCHNER in the preparation of zymase solutions from 
yeast. These extracts were injected into animals, and after 12-14 days serum 
from the animals was treated with small quantities of the albuminous extracts. 
The yeast extract gave a precipitate with the serum of the animal that had been 
treated with yeast extract,’a slight cloudiness with the serum of Tuber, but none 


10 LYMAN, GEORGE RICHARD, Culture studies on polymorphism of Hymenomy- 
cetes. Proc. Boston Soc. Nat. Hist. 33:125-209. pls. 18-26. 1907. 


tt MaGNus, W., and FRIEDENTHAL, HANs, Ein experimenteller Nachweis natiir- 
licher Verwandschaft. Ber. Deutsch. Bot. Gesells. 24:601-607. 1907. 
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with the serum of Agaricus. The Tuber extract gave strong precipitation both 
with Tuber serum and with yeast serum, but none with mushroom serum. The 
mushroom extract gave a precipitate only with the serum of the animal treated 
with mushroom extract. From these experiments the writers infer that the yeast 
is more closely related to the Ascomycetes than it is t' the Basidiomycetes. 
While the precipitin method has been used to a certain extent in attempts to show 
relationships among animals, too much stress should not be laid on this single 
experiment with plants. It is possible that albuminous substances from some 
plants may produce precipitins in the blood of animals that will then react with 
many plant albumins, just as it has been found that precipitins in animals will 
affect animals of more and more distant relationship depending on the intensity 
and duration of the treatment of the original animal—H. HASSELBRING. 


Sand keys of Florida.—MILLspAUGH"™ has published the results of further 
exploration of the sand keys of Florida. In 1904 O. E. LANSING, Jr. was sent 
to examine all the islets lying to the westward of Key West, and his collections, 
notes, and maps form the basis of the present paper. The vegetation of each 
islet is mapped in a very effective way. The value of the survey is to enable 
future students to determine what species have come to the different islets since 
1904 and what have been unable to survive; what species come first to such 
islets; and how species spread when brought into an untainted environment. 
In a summary it is shown that such species as are able to avail themselves of bird 
and water transportation, and can withstand or actually need a saline soil and 
atmosphere, are the species that lay hold of these islets. Wind transportation 
appears to play no part whatever in the plant colonization of these minute islets. 
From wide study of such areas in the Antillean region, the author concludes that 
the order of precedence in the vegetation-covering of the wave-formed sand keys 
of Florida has been as follows, the method of transportation also being indicated: 
(1) Sesuvium portulacastrum (water), (2) Cakile fusiformis (water), (3) Euphor- 
bia buxifolia (bird), (4) Cenchrus tribuloides and Cyperus brunneus (bird), (5) 
Uniola paniculata (water), (6) Andropogon glomeratus (bird), (7) Suriana marit- 
ima and Tournefortia gnaphalodes (bird), (8) Borrichia arborescens and Iva 
imbricata (bird), and (9) Ambrosia hispida (water).—J. M. C. 


Pythium and Chytridiaceae.—BUTLER has'3 made an extended study of the 
genus Pythium. The introductory part of his monograph is a somewhat 
lengthy account of the habits, structure, and biology of the members of the genus. 
The observations recorded have for the most part been described by earlier stu- 
dents of the group, and very little that is new is added. An observation relat- 
ing to the morphology of the sporangia and conidia of the genus is of interest. 


12 MILLSPAUGH, CHARLES F., Flora of the sand keys of Florida. Field Colum- 
bian Mus. Publ. Bot. Ser. 2: 191-245. 1907. 


13 BUTLER, E. J., An account of the genus Pythium and some Chytridiaceae. 
Mem. Dept. Agric. India. Bot. Series 15: pp. 160. pls. Io. 1907. 
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The writer several times divided colonies of P. intermedium and of P. rostratum, 
keeping one-half of each colony in running water while the other half was left 
undisturbed. The half-colonies in running water produced almost exclusively 
sporangia, while the corresponding undisturbed halves produced conidia. In 
the systematic part of the work, 18 species are critically described and arranged. 
Four of these are new, one (P. palmivorum) being of interest on account of its 
unusual habitat, growing in the terminal buds of palms which are soon killed and 
destroyed by the fungus. Since palms grow only by the terminal bud, its death 
involves the destruction of the tree. Another form (P. Indigojerae) is epiphytic 
in the waxy covering of the leaves of Indigofera arrecta. Under the title “‘Species 
omitted” there are added brief notes on some 18 species whose descriptions are 
for the most part so fragmentary that identification is impossible. In the second 
part, a number of species of Chytridiaceae are described, with some observations 
on their structure and habits.—H. HassELBRING. 


Anatomy of Uvularia and Tricyrtis—QuvueEvA" has followed his studies on 
Gloriosa and Littonia by an examination of the anatomy of Uvularia and Tricyrtis, 
which differ from the first-named genera in having a rhizome in place of a tuberous 
stem. In accord with this difference, Uvularia presents a simpler structure than 
Gloriosa, and Tricyrtis is still simpler in the disposition of its vascular strands. 
The bundles in the stem of Tricyrtis are all of the same rank, while Uvularia has 
bundles of several ranks; the larger ones are situated near the center of the stem 
and form the main vascular strands of the leaves, while the smaller ones run at 
the periphery of the stem and run to the margin of the leaves. In place of the 
cambium observed in the bundles of the tuber in Gloriosa, Uvularia presents only 
a radial arrangement of the cells of the procambial strands. These two conditions 
are sharply distinguished by the author, who accordingly throws doubt on the 
cambial nature of the cells in the bundles of sedges and grasses, figured by PLow- 
MAN and by CHRYSLER. The question appears to be one of definition of terms.— 
M. A. CHRYSLER. 


The nucleus of Spirogyra.—The excellent methods and cytological experience 
of the GrfGorIRE school are well shown in a late paper by BErcus.'5 Both the 
chromatic and the achromatic figures are traced in detail. The so-called nuclear 
network of Spirogyra takes no part in the formation of chromosomes. In the 
prophase the nucleolus begins to show a double nature, for the chromosomes are 
differentiated within it, while a second substance preserves its spherical form. This 
second substance divides in the plane of the future cell wall and also becomes 
segmented into rod-shaped pieces, after which half passes with the chromosomes 
to each pole to form the daughter nuclei. No spirem is formed either in the 


14 QuEvA, CuHas., Contributions 4 l’anatomie des Monocotylédonées. II. Les 
Uvulariées rhizomateuses. Beih. Bot. Centralbl. 22:30-77. figs. 49. 1907. 


15s BERGHS, JULES, Le noyau et la cinése chez le Spirogyra. La Cellule 23:55-86. 
pls. 1-3. 1906. 
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prophase or telophase. The spindle is a cytoplasmic structure; even the part 
within the limits of the nuclear membrane does not come from the network sur- 
rounding the nucleolus, but grows in from the outside—CHARLES J. CHAMBERLAIN. 


Illinois River sand region.—In connection with the work of the Illinois Bio- 
logical Station on the Illinois River at Havana, a brief survey was made of 
certain waste sandy areas in the neighborhood. The botanical survey was 
made by H. A. GLEASON,'° whose results have now been published. The ecologi- 
cal factors of these peculiar areas are discussed, and four plant associations are 
presented. Under prairie formation the three associations are the ‘‘bunch-grass,” 
the ‘“‘blow-sand,” and the ‘‘blowout;” while the single representative of the 
forest formation is the black-jack oak association. A list of the plants is given 
and the phytogeographic relationships are discussed.—J. M. C. 


Sulfuric acid as a fungicide.—KRAEMER"’ in experimenting with dilute sul- 
furic acid as a fungicide finds that solutions-from 1 part to 500 to 1 part to 1000 
are not injurious to ordinary field plants such as wild cherry, elder, ailanthus, 
yellow dock, abutilon, and others. Roses infected with mildew were sprayed 
several times with a solution of one part H.SO, to 1000 water without injury 
and with the complete destruction of the mildew. This fungicide may prove 
especially useful in greenhouses where mildew is often very destructive to roses 
and where ordinary fungicides are not applicable since they spot and discolor 
the foliage-——H. HASSELBRING. 





Chromosomes of Oenothera.—GeeErtTs"® finds 14 chromosomes in Oenothera 
Lamarckiana. In connection with a brief paper he figures several somatic divisions 
as well as the heterotypic mitosis in the microspore and megaspore mother 
cells. Brrr‘? found 14 chromosomes in O. longiflora and GATES?° reported 14 
in O. lata, but 20 or more in the O. Lamarckiana hybrid obtained from a cross 
of O. Lamarckiana with O. lata. GEERTS also notes the constricted shape of 
the chromosomes in the anaphase and telophase of mitosis—R. R. GATEs. 


Secondary thickening in Pandanus.—Scuovurte’' has investigated the alleged 
secondary growth in the stem of Pandanus, and comes to the same conclusion as 


16 GLEASON, HENRY ALLAN, A botanical survey of the Illinois River valley sand 
region. Bull. Ill. State Lab. Nat. Hist. 7:149-194. 1907. 





17 KRAEMER, HENRY, Dilute sulphuric acid as a fungicide. Proc. Amer. Phil. 
Soc. 45:157-163. 1906. 

18 GEERTS, J. M., Ueber die Zahl der Chromosomen von Oenothera Lamarckiana. 
Ber. Deutsch. Bot. Gesells. 25:191-195. pl. 6. 1907. 

10 BEER, RupoLr, On the development of the pollen grain and anther of some 
Onagraceae. Beih. Bot. Centralbl. 19:286-313. pls. 3-5. 1905. 

20 GATES, R. R., Pollen development in hybrids of Oenothera lata X O. Lamarcki- 
ana, and its relation to mutation. Bot. GAZETTE 43:81-115. pls. 2-4. 1907. 

21 SCHOUTE, J. C., Ueber die Verdickungsweise des Stammes von Pandanus. 
Ann. Jard. Bot. Buitenzorg II. 6:115-137. pls. 5-8. 1907. 
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CARANO, whose paper was noticed in the March number of this journal. From a 
number of careful measurements of trunks of different species the author concludes 
that there is no secondary growth in the stem of Pandanus, and that the dimensions 
of the stem are to be ascribed wholly to the primary growth in the vegtative 
cone.—M. A. CHRYSLER. 


Subsoil water and forests.—PEARSON?? has investigated the level of forest 
subsoil waters in India as compared with readings made in Russia and France. 
The conclusions are as follows: the levels within the forest are lower and steadier 
than those without, the effect of rain is felt later and lasts longer within than 
without, and the old woods lower the level more than young woods.—J. M. C. 


Mutation in Nephrolepis.—Observations upon plants of Nephrolepis Duffii 
cultivated in aswarm, moist atmosphere have brought GOEBEL?? to the con- 
clusion that this species is a mutation from N. cordifolia, the mutation here being 
a case of atavism. He believes that this and other cases of mutation in ferns 
may be due to adaption to environment.—CHARLES J. CHAMBERLAIN. 


Leguminosae of Porto Rico.—Miss JANET PERKINS?* has published an account 
of the Leguminosae of Porto Rico, 67 genera and 141 species being recognized. 
One genus (Stahlia) and eight species are peculiar to the island. The number of 
genera is rather remarkable, the largest being Cassia with 16 species. No new 
species are described.—J. M. C. 


Crossing of Reana and Zea.—VILMoRIN?S has reported the crossing of a 
species of Reana (teosinte) with Zea Mays, the latter being the pollen parent. 
The phenomenon of xenia was strikingly developed, the characteristics of the 
two genera appearing in the ears.—J. M. C. 


Diseases of cereals.—BUTLER?® has described four diseases of grasses in 
India caused by Sclerospora graminicola, the hosts being Pennisetum typhoideum, 
Andropogon Sorghum, Setaria italica, and Euchlaena luxurians.—J. M. C. 


22 PEARSON, RALPH S., The level of subsoil waters with regard to forest. Indian 
Forester 33:57-69. 1907. 

23 GOEBEL, K., Morphologische und biologische Bemerkungen.—17. Nephro- 
lepis Duffii. Flora 9'7:38-42. 1907. 

24 PERKINS, J., The Leguminosae of Porto Rico. Contrib. U. S. Nat. Herb. ro: 
133-220. 1907. 

25 VILMORIN, PH., Reanaluxurians X Zea Mays. Bull. Soc. Bot. France 54: 39-42. 
pl. I 1907. 

26BuTLER, E. J., Some diseases of cereals caused by Sclerospora graminicola. 
Mem. Dept. Agric. India Bot. Series 2': pp. 24. pls 5 1907. 











NEWS 


PROFESSOR Dr. FRIEDRICH HILDEBRAND, Freiburg, has just retired from 
active service. 

E. E. Bocue, professor of forestry in the Agricultural College of Michigan, 
died at Lansing, August 19, after a lingering illness, at the age of 42. 


Dr. H. P. Lyon has resigned his position as assistant professor of botany 
in the University of Minnesota, to accept a position with the Hawaiian Sugar 
Planters Association at Honolulu. 

Gryn AND Company have announced A manual of the North American 
gymnosperms by Professor D. P. PENHALLOW. It is to be an account of the anat- 
omy of the group, together with their systematic presentation on the basis of their 
vascular anatomy. 

PROFESSOR J. E. Kirkwoop has resigned his position at Syracuse University, 
having been appointed assistant to the International Rubber Co., with head- 
quarters at Torreon, Mexico. Dr. W. L. Bray, University of Texas, has been 
appointed professor of botany at Syracuse. 


Dr. H. N. Wuitrorp, in government service in the Philippines, has been 


spending some months in the United States and has now started upon his return 
journey. A few weeks are to be spent in the Santa Catalina Mountains with a 
party from the Desert Botanical Laboratory. 


AMONG the numerous Linnaean memorial addresses published recently, none 
is more interesting and sympathetic than the one delivered by Professor E. L. 
GREENE at a joint meeting of the Washington Academy of Sciences, the Biological 
Society of Washington, and the Botanical Society of Washington. The citation 
is Proc. Wash. Acad. Sci. 9:241-271. 1907. 

Proressor L. M. UNDERWOOD has published (Pop. Sci. Monthly 70: 497-518. 
1907) a most interesting sketch of ‘The progress of our knowledge of the flora of 
North America,” a sketch which should be read by the whole generation of younger 
botanists, who are in danger of remaining ignorant of the important history and of 
the great names that lie behind their present work. It is marred by uncalled-for 
slurs on some whose memory is to be held in highest honor. 








